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PREFACE

The report of the past year's work is contained in
Chapters 1 through 6. A summary reporting the entire project
(two years) is appended. It is not intended to be an abstract
of the final reports of Phases I and II. Instead, it is an
independent statement of the rationale of the project and our
own evaluation of progress.

A number of people worked on the project this past year.
Donald Dellinger (SCI) and Donald Schudel carried out the
bulk of the interviewing. They reported on a standard form,
copies of all these reports have been given to the office of
Geography Programs, ONR. Robert Smith and Fenn Sykes were
consultants. Mr. Sykes examined all the systems statements
for consistency, and his comments and suggestions were particu-
larly helpful in the development of the ecology and information
system descriptions. Mr. Smith examined the weapons systems
acquisition process for its use of envirommental data. What-
ever clarity and distinction the illustrations have must be
credited to the scientific artistry of Sheldon Shenk.

We are especially grateful to personnel of the office of
Geography Programs for their continual support in procuring

documents and paving the way for our visits to naval offices.
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ABSTRACT

Progress on this year's work is summarized in the form
of four "lessons learned": (1) there is a good deal of evi-
dence within Navy that environmental impact is a significant
factor in effectiveness of naval operations; (2) the inter-
action focus is with weapons systems; therefore, the basis
for understanding environmental impact is naval ecology --
the science of the interactions between environment and men-
and-machines in discrete naval activities; (3) naval ecology
provides the framework which relates the four basic naval
functions, and it clarifies the distinctions made between
research and development, both of which are relevant in
weapons systems terms, but in different fashions; and (4) a
coastal information system is such a powerful addition to
any organization, serving not only the decision-making process
but also the process of developmental change, that it must be
carefully developed in accordance with both the scientific
structure of naval ecology and the functional and organizational
patterns of Navy.

Investigations leading to these lessons led us to posiu-
late: (a) a model of naval ecology, and (2) a description of
a theoretical coastal information system. 1In effect, these
models constitute our major findings: (1) that it is possi-
ble to begin to build from present knowledge an aggregated %

and extrapolatable body of information concerning the effect




- of environment on a given naval operation; and (2) that it is

possible now to design and introduce a partial, prototype

coastal information system which will produce command level
. outputs to all four naval functions for an amphibious oper-
. ation.
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CHAPTER 1

INTRODUCTION

While there is a great temptation to report progress on
the basis of the projections made in proposals, it seems at
this point in the study more useful to recapitulate in terms
of the "lessons learned". Despite the systems approach used
in éhis project,'it is still research, not development. One
starts not with the ultimate idea of constructing an infor-
mation system, but rather with the idea of attempting to find
out what an information system must do and whether in fact it
seems feasible after that to do it or not. It is on the basis
of what we have learned about both the ideal world of naval
ecology and the real world of naval organization that we must
evaluate the probability that a useful coastal information

system ought to be, and can be, innovated by Navy.

Lessons Learned

The following four lessons constitute our basis for esti-
mating the situation and projecting future»work. | o

(1) The importance of environmental ;mgact;‘ There is
abundant evidence that environment often plays a kcy role in
the success or féilure (or more often partial success or
partiai failure) of a naval operation, just as environméﬁtal
constraints consistently degrade the performance of men and

machines in day-to—day civilian activities in all cultures.
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‘but littlc capability of handling all of these visual data

The probability is great that systematic discovery and appli-

cation of principles of environmental impact would upgrade

performance of men and machines and would be cost-effective

for Navy, and there are good but not sufficient reasons why .3
this has not been done.

(2) The basic nature of a knowledge of naval ecology.

Naval ecclogy =-- the science of the interactions between
environment and men-and-machines in discrete naval activities --
is inadequate at the present time to provide a framework for

a responsive coastal information system, although much of

the data basic to such a framework apparently exists.

For decades this whole interdisciplinary area has been

investigated sporadically, recognized in some ways and not

at all in others, and in general not dealt with systematically i
at all. The result is that the Navy has a great many "test iJ
sites" but adequate methods of environmental testing -- i.e., |
determining the efficiency of operation of a given person or j
kind of materiel in a given environment -- appear to vary

from one site to another. It has a fleot weather service

whiéh transmits a great:deﬁl of environmental information,
some of it extremely~valuablo, komé not very useful, but mean-
while all kxinds of vital environmental data are not even
collected, let alone disseminated. It has the capability of
photographing large areas from the air before an'operation.




once they are collected. During the past year a number of
people in Navy laboratories were interviewed -- people re-
sponsible for perfecting the design and development of
weapons systems. Their estimates of the kinds of environ-
mental information they needed varied from nothing to every-
thing, depending upon their backgrounds and experience. Very
few made any reference to the requirement to translate environ-
mental data into ehvironmenﬁal effects language. On the other
hand, reports from these laboratories show a considerable
awareness of effect of environment, and effects terminology is
used constantly in these reports.

The fact is that a great deal is alr2ady known about
naval ecology if it were systemutically pulled together and
organized. We believe most military personnel and'laboratory
scientists and engineers would]bc surprised to learn how much
is known, based largely on'fhei; own efforts but never cooradi-
nated. | | " |

(3) gis;ingt;on Qetwaeg gg _and “dexelogmgggl
One reason for the foregoing statament is that organizatzonu
(i.e., the Navy) tend to be struc*axed in terms of discrete f.
categories of function and knowlcdge. and naval ecology mean#
in effect all of the inte:actions between the many physicdl
and cultural facets of coastai arcas and the things and peop!o
and activities ‘that make up naval operations. Thareforc. all
functional»catagories-of-Navy.and.their}operatxng subdivisions
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may have something to contribute to or learn from naval ecology.
It is in effect an information base as pervasive as intelli-
gence or logistics and perhaps should be 1nst1tutlonallzed in
new subcategories of present functronal 1nst1tut10ns and
focused as an informational actlv;ty. “One cogentjreason for‘"
arriving at such a conclusicn is thar the research and deveiop-
ment functions are organizationally distinet,in Navy and
apparently* perceived by people in aevelopmenr,rand in oper-
ations as well, as relatively,unrelated and directed toward
different goals. : ' - S o e
' The distinctions are these: aevelopment takes’ place in
Navy ..aboratories and in industry, whlle research takes place
largely outssde Navy, sponsored by -ONR. Develooment 1s weapnns
systems oriented, while research is. not although there is a.
schizophreni~ feeling in ONR about the extent to whlch-"ba51c

research can be made to demonstrate naval “relevance”. Develop—f

ment produces hardware in direct response to Fleet requirements -

(through CNO and the'Systems Command), while research produces
reports largely in response to unsollc1ted proposals trom the
scientific conmunity. (It would be lnterestlng to know how

much ONR-suppo:: ted research is a direct response to laboratory

'requirements,sand how much use laboratorzes made 0"~ ONR reports.)

* We have not talked to all people in development, nor in oper~
ations, obviously, but this was a recurrent and not unexpected
conment. How paople in ONR view this we do not know. :
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It would appear to the outsider that while there are
distinctions between research and development, there ought
to be a high degree of coordination of these functions
supported by one organization. Yet the outsider does not
have to deal with the hard facts of organizational life.
It is ofter. easier to add « new, integrating activity than

to change the patterns of an old activity. In any case,

"~ the distinction between research and development functions

is not unique: there are also communications breakdowns

“between development and evaluation, between evaluation and

.’operations, between research and strategic planning.

" One 31gn1f1cant aspect of this "lesson" is that an infor-

mation sYSten has tremendous potential for introducing change

1noorgaplzutlons, as will be noted later.

:‘M(4{,~Theokey‘role of a coastal information system. It

became apparent that an 1nformat10n system of the sort we
hoped to~desmgn woulm provide more than data on environmental
1mpact to potentlal users of such data- it would perhaps
just: as 1mportantly forge a communlcatlons llnk among the
functlonal aspects of Navy, and among its diversely-oriented
groﬁpéiof péfgqhnél. We began to think of such a system not
as the prodoot of change, but rather as the instrument of
change, for it could override functional organizational juris-
dictions without overriding the responsibilities of those who

ran them. .
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But to function in this fashion, an information system
must be accepted by the people who will use it: it must
therefore be at one and the same time comprehensible in
terms of present naval practices and structured in a highly
logical fashion. The answer to doing this is to make the
logic of structure the logic of naval ecology, on the one
hand; and to infroduce the system in manageable pieces. Our
representation of such a system is an attempt to be consistent
with structured views of naval ecﬁlogy and the processes of

information handling in Navy.

Summary. The environment does exercise an influence,

- often important, sometimes critical, on the men, machines,

and materiel of naval operations. The core of what is impor-
tant to a Navy—responsivé coastal infofmation system is the
environment—wéapons systems-operations relationship, or how
environment effects naval operations. We have called it
naval ecology. Knowledge abéut the relationship is applied
to differenﬁ kinds of decision~making in different functional
areas of Navy and to different levels of the same function.
Therefore, the information system must accommodate and by
sobdoing relate all ﬁunctions\in terms of the common naval

mission which is the successful use of weapons systems in

~support of U. S. policy. To introduce such a system means

winning the active participation of elements of all functions
by demonstrating the value of participation to each function

individually.
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CHAPTER 2

THE IMPORTANCE OF ENVIRONMENTAL IMPACT

Feasibility of an information system involves some kind
of effectiveness evaluation. While our first objective was
to test feasibility of design, actual utility quickly became

an important adjunct of the investigation, because so many

people in Navy did not recognize environmental impact of

significance to operations or of interest, generally, to
anyone beyond the design engineer. The engineer, on the
other hand, will meet the cbnstrainﬁs he can and suggesﬁ\some
operational adaptations for those ﬁe can't. So a question
that was frequently implicit in cur conversaticns was this:
"Is environmental impact on weapons system design, aevelop-
ment, deployment, maintenance, and operation significant
ihfrequently; occasiohally, or often enough to worry about?
Because, if it is important often enough to worry about, why
hasn't it been worried about, in any of the services, in an

organized way?" We will attempt to answer both questions.

Measures of Importance of Environmental

Impact on Military Operations

Evidence of the importance of environment is given,
based on studies and military documents which specify impact,

and organizations involved in some aspect of the problem.
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Studies. There have been a great many studies of the
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- = effect of environment on either military operations or on

!

men in a variety of activities or on materiel of various

e
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sorts. The author of thisfreport directed a three year

1
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study of the effect of environment on military operations

in World War II and Korea as revealed in military records

‘(Campbell, et al. 1957). Some of the conclusions reported

: i: in a statistical ahalyses of the data‘from records were as
i _

follows:t ’ ' . :

sty
{.

* PFor a given location the distribution of effects
A is a function of the operaticn being conducted,
g I- with a few exceptions. ' .

P * The distribution of gffects on both materiel and

’ personnel, in general, is a function of the

{T : location in which a specific operation is con-

= : ducted. For example, when a transportat.ion .
operation is conducted in Northern France or . o
Northern Germany, of the effects observed on :
materiel, the probability is .72 that the effect
movement inhibition will be observed.

[ P IERITIC S TOURP PSRN

5 -% It seems true from the data tihat the Accomplish-
ment of Operation distributions are functions of
Magnitude of Effect, but that they are influenced
{ _ , by some factors which are not working strictly on
= Magnitude of Effect. For example, it seems rea-
sonable to suppose tha. other things besides
environmental elements will be acting to affect -
S the outcome of a military operation =~ such
things as size of forces involved, psychological
- and morale factors, etc. It is felt, therefore,
i ‘ that Accomplishment of Operation as a coordinate
gives sufficiently more information than Magnitude

1 McCall, C. H., Jr., The Nine-Coordinate Probability Model

Describing Environment-Military Operations Relationships,
The Historical Records Project, The George Washington Uni-

versity, Washington, D. C., September 1957,
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of Effect to warrant its use in future analyses.
There appears to be some justification for
calling Magnitude of Effect a tangible measure
of known environmental factors influencing an
operation and for calling Accomplishment of Oper-
ation a measure based on these factors plus all
others which may also be acting in the given
military situation. .

»This study was preceded by Project ENVANAL (Dunlap
Associates) and followed by Project DUTY (University of
Denver) == both iong term projects relating environment to
military materiel and men and military operations. (See
bibliography)

Among design engineers and scientists, in particular,
there is recognition of the impact of environment. Reports
from the many Navy laboratories and test centers of various
sorts are evidence of this, and it is especially true of
civil engineering processes and products. The Naval Civil
Engineering Laboratory at Port Hueneme, in its January, 1968,
GUIDE TO NCEL TECHNICAL DOCUMENTS, listed a very high pro-
portion of environmental impact studies, a sample of which
are shown (Figure l). We went through the index alphabetically
and picked, more or less at random, samples of topics which
showed the impact relationship (Figure 2 ). From "Antarctic
Regions" to "eddy currents" to "floating docks" to "pontoons"
to "trafficability" to "storage" to "wood preservative" --
the subjects indicate the environment-equipment/men/materiel-

operations-relationships and their applications. The Defense

e DN I = %
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STRUCTURES 1N OEEP OCTAN. ERGINEERTING MANUM. FOR
VNOERVATER CONSTRUCTION, CHAPTER 14 INTRODUCTION, #ROJ.
Vaf0L9-01-C1-001As MARCM 1964, W,J, TUDOR, AD &NO306,

THE OBJECTIVE OF THIS MANUAL 1S 10 PROVIDE [NFORMA~
TION ON ENVIROMMENTS, SYSTEMS, AND TECHNIQUES RFLATIVE
70 CONSTRUCTION 1N DEEP OCEAN AREAS. OEVELOPMEWTS [N
NAVAL WARFARE WAVE PLACED EMPHASIS ON THE DEEP OCEAN
AREAS AS AN OPERATING ENVIRONMENT, CONSEQUENTLY, IN
SUPPORT OF TMESE OPERATIONS, THERE 1S A NEED FOR YNOWLEDSE
CONCERNTNG METHODS OF  CONSTRUCTION IN THE DEEP OCEAN,
17 18 REALIZED THAT TWESE METMODS CAN OIFFFR MARKEDLY
FROM THOSE USED IN CONSTRUCTION O LANDs THEREFORE, IN
THES RELATIVELY NEW FIELD MANY DEFICIENCIES EXIST WNICH
CAN B2 REODUCED OMLY BY RESEARCH AHD DEVELOPMENT, THIS
WILL RECUIRE CONSIDERASLE TYME, MOWEVER, TN TME INTERIM,
CONSTRUCTION MUST CONTINUE. TOWARD MARING TH1S AS EFFEC-
TIVE AS FEASINLE, EXTSTING INFORMATION HAS BFEN REVIEWED
AND DIGESTED, AND 1S PRESENTED IN THIS MANUAL. INFORMATIOM
NAS BEEN PROVIOED BY SCIERTISTS. ENGINEERSs AND OFFSHORE
OPERATORS ¢ ESPECIALLY THOSE ENGAGED [N PETROLEUM PRODUC-
TION, DOEEP OCEAN CONSTRUCTION 1S A LOGICAL EXTENSION OF
THE RESPONSIBILITY OF THE BUREAU OF YARDS AND DOCKS FOR
CONSTRUCTION OF NAVAL FACILITIES: THIS MANUAL SHOWLD
ASSIST TN MEETING THIS RESPONSIBILITY BY PROVIDING
ENGINEERS, CONSTRUCTORS, PLANNERS: AND OTHERS ZNGAGED IN
OZEP OCEAR CONSTRUCTION WITH PERTINENT TAFORMATION,

Re204-2

SYRUCTURES IN DEEP OCEAN., ENGINEERING MANUAL FOR
UNDERWATER CONSTRUCTION, CMAPTER 2. DEFP-OCEAN
ENVIRORNFNT s PROJs Y-FO15-A1=-01-0014s MARCH 1964s WiJe
TUDOR, AD 600307,

TECHNOLOGICAL DEVELOPHENT INDICAYES THMAY MUCM OF THE
NAVAL WARFARE OF TME FUTURE NILL OCCUR AT DEEP OCEAN
OEPTHS. CONCURRENTLYs TMERE IS A NEED FOR ADDIVIONAL
KNOWLEDSE OF METNODS FOR CONSTRUCTION IN DEEP OCEANS,
THEREFORE. THE QBJECTIVE OF TMIS REPORT 1S TO PROVIDE
INFORMATION ON ENVIRONMENTS AND YO DESCRIBE SYSTEMS AND
TECHNIOUES DEVELOPED FOR CONSTRUCTION IN OEEP OCEAN
AREAS.

THIS CHAPTER CONTAINS ENVIRONMENTAL KNOWLEDGE
PERTAINING TO WAVES AND CURRENT ACTION, SALINITY ANO
TENPEZRATURE VARIATIONS, BOTYOM TOPOGRAPHY, MARINE
ORGANIZ¥Ss CMEMICAL AND PHYSICAL PROPERTIFS OF SEA WATER,
£9C. 1N OROER 1O TREAT ALL OF THIS OATA. 1Y WAS CONVEN-
1EAT Y0 PIASY LOCATE AND BISTINGUISH THE OCEANS AND
TN OESCAIOE THE OCEAN BOTIEN ARD OCEAN CONTENTS BEFORE
PENMLLY DEUCRIBING THE DVRANIC FACTORS ACTING ON THE

Re079

WAREHOUSE ARD PRESTRVATION METHMOBS AND ECONONICS FOR
STORING BATERINL. PAOJ. Y-P13=04-004: JUNE 1960,

Re Jo ZABLODIL. Je €o RING: AD 239745, P8 149233,

MCEL IS CONDUCTING A FIVE YEAR STORAGE TESY PROGRAN
TO EVALUATE VARIOUS STORAGE ENVIRONMENTS AND PRESERVATION
LEVELS FOR MATERIEL UNDER THE BUREAU OF YARDS AND Docks
TECHNICAL COBNI2ANCE,

STMILAR PAIRED I1TENS OF MILITARY EQUIPMEN: wERE
STORED N OIFFERENT STORAGE ENVIRONMENTS = AN OPEN ALR
SLAB: A SHED. A STANDARD WAREHOUSE, A 40 PERCENT RM VARG
WOUSEs AND A S0 PERCENT RN WAREMOUSE, ONE OF EACM PALR
RAD LIGMT DOMESTIC PRESERVATION TREATMENT AND THE OTMER
FULL CONTACT PRESERVATION TREATMENT, OETERIORATION wAS
PERNITTED 70 DEVELOP AT 1TS MATURAL RATE IN FACH ENVIRGRe
MENT, PERIODIC INSPECTIONS WERE USED 10 DETERMING THE
STORAGE PROTECTION AFFORDED BY EACH ENVIROMMENT,

PESULTS OF 2-1/2 VFARS OF STORAGE SHOW THAY PROTECe
TION 13 POOR IN OPEN AR, FAIR IN THE SHED, GOOD 1N Twl
ATARDARD WAREMOUSE . AND BETTER IR THE RN WARENOUSES,

THE NAVY STANDARD 40«Ft X 100-FT PREFARNICATED
RETAL SUILOING APPEARS CERERALLY SATISFACTORY FOR ADVANCES®
GASE ORMURINTFITO VAREMOUSING, BUT T HAS TOO MARY Jointg
0 0% FASILY MALLY.

Lot a0 d
ATR PORIT ARCTIC BUILDING: PROJ, AFS 39-00-%, g e
EN O..m; ‘0)';. Q0. 40 411309, 1%
ICATED, PAMELIZFO. 18+ BY 20-FO0T SYRUCTUNE
WAS DFSIGNER AND BUILT FOR YHE U, S, AIP FORCE AV :::
RAVAL CIVIL EHGINETRING LABORATOSY, THE BUTLOING. MADE OF
STEEL-FACED NONEYCONB-CORE PANTLS WITH PLYWOOD FDGES.
WAS BESIGAED FOR UIE 1N THE OLw SYSTEM (N The ARCTIC,
THE PROTOTYSE wAS TESTEOD AT THE CLIMATIC LABORATORY
AT TOAIR ATR FORCE BASE, PLORIDA, UNDER A VARICTY OF
CONTAOLLED CLEMATIC COMDITIONS, INCLUDENG wiIND. RAIN,
AND SN0V, TEATS INCLUDID ERECTION, MEAT LO3Ss BTRUCTURAL .
ARD WEATHERTIOMINE LS. AND PACRAGING STUDITS, e WO~
100 MAS A LOW COTPPICIFNT OF sFd? TRANSHISSION ARD CAN
U"O..:‘m A J23-40K vINO LOAD: A 100-P3F SNOW LOAD. AND
RACKR 1NG,
THMBEL YEARS APTER PARRICATION, 1M CRATED PROIOTY
WAL AINOVED FROM STORAGE AMD tNSPECTED, fTwis llmﬂlz
REVEALED SUCH ERTENSIVE DETERIONATION OF Yo STCEL Facly
N0 TOGLS ON 180 PARELS, THAT THE PROTOTYSE COULO WOT BF
m.' M:ouﬂ.g::::::é 11 wAs CORCLUOEO ThAT THIS BUILD=
o USING CORROSION-RTIISTART MatER
(LN (] O ACHIEVE & 23-vEan Live, i

FIGURE 1

' THIPORARY POLAR CANP, PBBJ. VaFOiSell=lOt, RARCH 1964,
G Co ROV, T26 P, 45 AT, :

A TENPORARY POLAR CANP wAS BEVELOSED 7O PROVIOR
DONFORTASLE LIVING CORDITIONS POR PERIGDS UP 10 3 YEARS
N THE ARCTIC AND ANTARCTIC, TME CANP DESTEN NCLUDED
STRUCTURES: AIR CORDITIONING. WATER SUPPLY, SANITATION,
ARD OTMER FACILITIES INTEGRATED TO FORM A UNIFIED FUNCe
TIORAL COMPONINT, THE SASIC CAMP WAS DESIGNED POR 30~
HAN OCCUPANCY AND EXPANSION IN S0=MAN TNCRENENTS 10 A 200
MAN CAPACTITY, EACH MAN 1S PROVIDED WITH AN TNOTVIOUAL
ROON,  DOUBLE BUNKS MAY BE USED, WITH TwO MEN SHARING
A ROOM, TO INCREASE THE CAW® CAPACITY FOR SHORT PERIODS,

THE BUILODING UNLT 1S THE MODIFIED T<3, VARFOUSLY
OQUYFITTED POR USE AS QUARTERS, MESSING. GALLEY, UTILITIES
ADMINISTRATION, COMMUNTICATIONS, RECREATION, MEDICAL,
MEAD, LAUNDRY, AND STORAGE PACILITIES. 4 DUPLEX CONCEPY
I8 USED BY WHICH TWO BUILOING UNITS ARE JOINED END TO END
OV A SERVICE CORE WHMICH MOUSES AN ATR-CONOITIONING
SVSTEM, MEAD: AND LAUNDRY, 20 FORM A GASIC AUILOEING,

A T=00 MAINTENANCE SHELTER 15 PROVISED POR WMA[ATENANCE
OF CANP FOUIPNENTY,

SPECIZICATIONS AND REDWKKD SCALE DRAWINGS POR CAN
AVE BECR PUBLISHED N NCEL VECKRICAL NOTE Ne840
SSPECIPICATIONS FOR A TEMPORARY POLAR CANP,®

N=90Y
THE EFPECY OF ENVIROWMENT ON TWE CORROSION CF mETALS T
SEA WATER —- & LITERATURE SURVEY, PROJ, Y=FOZ0-03-01-00%
JULY 1967, Mo Aa PORTE., AD 8221350

THE Ue So MAVAL FACILITIES ENGINEERING COMMAND 1S
INTERESTED IN OEVELOPING METHONS TO COMBAY METALLIC
CORROSION AS A MEANS OF RFDUCTNG MATNTEMANCF COSTS OF
THE MAMAL SHMORE ESTAAL TSHMENT,

A LITEWRSURF SURVEY MAS.MADE TO DETEARMINE THE EFFECY
OF ENVIRONMENTAL VARIASLES ON THE CORROSION RATES OF
METALS SUBMERGED IM SEA NWATER, THE MOST {MPORTANT
VARIABLES WERE FOUND YO BE DISSOLVED OXYGEN CONCENIRATION.
VELOCITY o AND TEMPERATURE, OTMER FACTORS WHICW [NFLUENCE
THE CORROSION RATES ARE PrHy SALINITY. AND MICRO-ORGANISMS,
17 1S RECOMMENRDED TWAT A COORDINATED RESEARCH PROGRAM,
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Documentation Center Technical Abstract Bulletin shows a

wide variety of studies bearing upon one or another aspect
of the environmental relationship for many Navy, Army, and
Air Force laboratories and test sites.

However, there is somehow a loss of specificity between
studies and the military documents which either indicate
environmental standards for design in general or relate design
standards of specific items to environment, and we believe
that this may result, at least in the Navy, from the fact that
the people who specify requirements are not the people who do
the designing.

Military documents. The basic document specifying en-

vironmental design conditims is DOD MIL-S7TL 210a, considered
highly inadequate by many design engineers and most scientists.
The documents which transmit requirements for new weapons
systems components in Navy probably originate in the Fleet,
are drawn up in CNO and passed on to Systems Command, wvhence
they go to the appropriate laboratory or tc private industry.
In a proposal to the Rome Air Development Center to intro-
duce cnvironmental cffects into the process of Weapons Acqui-
sition and Planncd Logistic Suppoirt, Sykes pointed out the
inadeguacy of such documents as DOD MIL-S{D 210A and suggeustoed
tho pervasiveness of environmental informataon by means of a
diagram which incorporatcs the basic dergign documents of all

gsorvices (Figure 2).
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In addition to such formal documents, there are many
handbooks, operator's manuals and other instructional materials
which contain statements about the environmental limits and
capabilities of specific pieces of equipment.

Organizations. In the Air Force, Cambridge Laboratories

supply environmental data. In the Army, Natick Earth Sciences
Laboratories are responsible for environmental data in the
environment-man and environment-materiel (hut not weapons
systems) relationships. There is no similar cffice in Navy,
although personnel at Naval Weapons Center (Schafer and
Kurotori)} have becn providing a similar scrvice. There is an
Environmental Services Office under Joint Chiefs of Staff.
In addition, there are numerous “test sites' coperated by many
agencies of all three services scattered through the United
States.

Conclusion. There is recognition of the significance of
enviromucntal impact, but the recognition is scattered. It
has no focus. There is no systematic approach to the prohlem,

althougyh, as Sykes' diagrum suggests, there could be.,

Why are Pnvironmertal Data Not Handlcd

Morc Svstemntically?

There are several contributing reasons to the inadeguate

treatment of cnviroamental impact, cmong them wan's fatalism

about such ambient conditions; the interdisciplinary nature




of ecological studies, and particularly applied ecology of
this sort; the complexity of the relationship; and perhaps
most important of all, the nature of organizations.

Fatalism. It may be that people who are not concerned
about 1,000 deaths a week on United States highways, or the
menace of air and water pollution, or the possibility of
nuclear war are not going to be very concerned about the
increased costs of military operations as a result of environ-
mental ignorancc. But one wonders if those costs are really
comprechended: In March (1969) a projec. member reported an
interview in which he was told that a big development program,
sponsored secparately by Navy, Army, Air Force, the Coast
Guard, etc., was geared to develouwpilyg riverine craft for use
in Southecast Asia. There was no interfacing. The cost of
the total program was some $112 million a vear, involving
130 contracts, 60 different kinds of boats, and prroducing
about 1,600 boats a vear. Obviously, that expensive cnviron-
mental effect, for which we were unpreparced, has not hcen
investigated properly.

Interdiscinlinary nature of ccologice!l =tudies. Ecology

is the scicnce of interaction of systems and their cavirsn-
ments. Neither the students of the system nor the students
of the environment can bridge the gap alone, except perhaps
in rarce caces. Naval ecoloay irnvolves the officers oand men

who use weapons systems, the engincers and scicntists who

t
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design them, and the scientists who provide the basic knowledge
on which appropriate design is based. But our methods of

organizing activities, of classifying man's pursuit of knowl-

edge, and of rewarding those who are successful militate against

men trained to do one thing working with men of unlike back-

grounds to do another.

Complexity of the relationship. The most complex area

of the relationship stems from the difficulty of abstracting
out of a real environmental setting (location) in which there
is taking place the wide variety of uses, by people, of the
many kinds oi materiel and equipment used in even a simple
operation, the specific state of elements of the environment
that are interacting with specific people, materiel, and
equipment in a specified operational state. 1In cther‘words,
given a five man reconnaissance patrol outside of a village
near Danang, Vietnam, in July, what are the specific effects
of temperature? Of humidity and rainfall? Of surface
moisture? Of dense vegetation? How can these effects be
stated in terms which will permit the equipment or materiel
designer to attempt to offset them? What improvements in
performance (accomplishment of operation) are the objectives
of design changes?

It is a natural human tendency to back away from analysis
of complex interaction processes of this sort and assume that

the operational "plan" will take environmental effects into




R

account and offset them by such strategems as changing the
locale of the operation, increasing the magnitude of the
effort, etc. But an operational "plan" cannot take these

effects into account unless thev are known well enough to be
stated in some relating and quantifiable fashion. Therefore,
environmental intelligence is often no better than the environ-
mental data supplied weapons systems designers,

The nature of organizations. Organizations are typically

functional in nature, designed "vertically®, in terms of
discrete activities. People's capabilities tend also to be
classified vertically, according to disciplines or specific
jobs. A comprehension of and application of environmental
impact requires that designex, tester, and user of a piece of
equipment all understand how it will be used, and for what
purpose; where it might be used, and what the conditions 65
environment are there; and how those conditions will affect
the use, purpose, and outcome of use of the squipment. 1In
other words, it requires a great deal more interaction than
is typical of people in organizations. We suspect, but do
not know, that many of the serious problems we face but seem
unable to solve today stem from this inelastic characteristic
of organizations, this inability of people to work happily
between and among disciplines and to interact and cammuniéate

with people whose activities are very different.

- 17 -
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Conclusion. There seems to be little guestion that a
better understanding of naval ecology could be applied usefully.
There is evidence that it would improve the quantity of the

contributions now being made by "environmental data suppliers"

in DOD. Perhaps an information system is the way to intro-

duce more system and application.

o ——
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CHAPTER 3

NAVAL ECOLOGY: DEFINING CRITICAL RELATIONSHIPS

The total spectrum of naval personnel and materiel is
probably representative of all of the kinds of people and
jobs and materials and machines that exist in a modern civil-
ian society. However, the organization of people and things
in the Navy is focused on a particular mission, and that is
to support United States policy, wherever necessary, by means
of the usc of weapons. That may appear to be a very broad
definition of "weapons". The Navy may sénd an acdvisory
group to a foreign country to teach its personnel how to
use weapons or it may send its corpsmen into a disaster area
to provide medical assistance. DBut for the most part,it will
be deploying weapons systems -~ ships and planes and missiles
with all their supporting paraphernalia -- as a deterrent, or
as a counter, to the use of force. 8o it is convenient to think
of any direct (as opposed to supporting) activity in support of
foreign policy as involving the use of a weapons system.

The way weapons sfstems are used, and the choice of weapons
systems used, depends upon the nature ot . wctivity -- in
military language, an operation. An operation takes place in
a specific environment. Naval operations take place in and on
the sea, from sea to shore (coast), ashore, and in the air above
both. Therefore naval operations take place in just about
every possible earthly combination of environmental influences:

deep and shallew seas and rivers, sea and river surfaces, land

- 19 -
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surﬁaces, sea to land surfaces, and all levels of the atmosphere
up to very great heights.

An operation is made up of specific combinations of men and
materiel performing specific tasks. The influence of envircn-
ment on both men and materiel will depend to a lérge extent upoh
what specific tasks they are performing. Naval ecology is the
science of the interactions between environment and men-and-
machines in discrete activities.

The kinds of interaction we are most interested in are those
in which the environment has some measurable effect on people
and méteriel, or upon the activities in which people-and-materiel
are engaged. For example, people are subject to chilling, over-
heating, fatigue, and degradation of their ability to see, to
move, etc. And many machines are subject to the same kinds of
environmental impact. Materiel is subject to gradual degradation
(wear, rotting, rusting, decomposition) or immediate failure
(breaking, burning, loss). The effects are generally speaking
of two kinds. People and materiel are degraded or lost. Activ-

ities are inhibited or prevented or enhanced. The most serious

effects for naval operations are inhibition or prevention of

activities.

The environment is also affected by the activities of men-
and-machines involved in naval operaions: cities and supporting
services are destroyed, burned, contaminated; ecosystems are

disrupted, possibly for generations; people are killed, etc.

- 20 -




The military serxrvices of the world, like most of their civilian
counterpart activities, have never seriously concerned them-
selves with this aspect of the activities. But in an era of
insurgent and counterinsurgent operations, in which quite
literally the prize is not a geographic location but winning
the support of civilian populations; a great deal more atten-
tion must be given to the effect of naval activities upon the

physical, cultural, and social environments.

Role of Weapons Systems

Since the weapons system is basically an organization of
men and materiel trained and designed to perform certain tasks,
the tangible unit of naval operations affected by environment
is the weapons system and its components. The pattern followed
by the Navy in its program to develop systems and system com=-
ponents indicates (Figures 4 and 5) that this is indeed a
pervasive process, based on national policy, involving fleet
and CNO recommendations, and involving not only laboratories
and industry but ONR as well.

Design crjieria. A review of Navy documents involved
in this process (GOR's, SOR's, etc.) by project personnel,
and of such documents applicable to Marine Corps operations
by Geography Prograis personnel, revealed a tremendous vari-

ation with respect to perception of the significance of

- 21 -
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environmental influence -- in these instances, of course, in
terms of design criteria. Some documents specified in con-
siderable detail conditions of the environment in which a
weapons system component must operate (e.g., water depths of
2 feet, 95°F. at sea level, 10° slopes, etc.), while others
covered environment in such terms as "all weather capability",
"temperatures from -65°F - +125°F.", etc.

Laboratories. However, the story was a very different
one in the laboratories. Interviews with laboratory personnel
(for list of offices visited, see Appendix I ) and laboratory
reports'frequently indicated a real preoccupation with con-
ditions of the environment in which a particular device would
opcrate properly. Althouyh this may be an overgeneralization,
it appeared to us that requirements documents (GOR's, etc.) tended
to overstate it somewhat, at least in terms of the number of
environmental parameters laboratory engineers and scientists said
they had to know about. Of course, we did not visit all labo-
ratories, or all >f the other centers and stations at which
testing and evaluation and environmental studies were being
carried out, but we believe the difference reflects the fact that
the engineering concern is much broader than the operational con-
cern: it includes long term durability and cost-effectiveness,
whereas the operational concern is with short term optimal func-
tioning. Both are important and are rart of naval ecology, but
the sionificance relates to the particular naval func.6ion, as

we hcpe to show.

- 24 -
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ating manuals. We were not able to survey all of the litera-
ture directly concerned with the design, test and evaluation,
development, transportation, use, and storage of naval ma-
teriel -- all of which we assume to be weapons systems "com-
ponents", since all are designed to support some activity
relating to the overall Navy mission. However, we have looked
at enough bibliographies of reports of studies made by, or
supported by, naval activities of various sorts to know that
the environmental effect on materiel is very often a major
consideration, as indicated in the previous chapter. This is
apparently not so often the case in techniéal manuals, hand-
books, and operating manuals, in all of which tﬁe major effort
is to describe how a component works, what all of the gadgets

mean, and what some of the prominent operating problems will be.

Range of impact of environment on weapons systems. In

general, environmental relationships are stated in terms of
design for operation, which is of course of major importance
for the development process. Some, but relatively few, con-
sider environment in relation to transportation, storaqe, or
maintenance of the component.

Present State of Knowledge and Application
At present, knowledge and application of the ptinciples

of naval ecology constitute an incomplete system. The impor-

tance assigned to environmental impact on a given weapons

- 25 =
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system component depends on the individual design engineer;

the importance assigned to impact of environment on a specific
operation depends upon the experience of the officers in charge:;
the ability to avoid environmental pitfalls and use environment
positively when operating a specific component depends upon the
experience and training of the operator.

There are many specific assessments of the design and oper-
ation of weapons system components. There are many specific
assessments of operations. And there are many careful stndies
of various environments. But for the large part these have not
been put together to form a consistent system of knowledge which
will enable a planner or commander to optimize an operation in
support of a mission in a particular environment.

We believe it is possible to begin to structure :uth a
svstem vpon the basis of what is already known. As wec see it,
many exicting pieces of informztion basic to the sys*tem have
not been put together.

To put them together one needs some sort of oxganizing
smodel” of the systenm.

To _make them effective, this model must be the heart of
a functioning information system.

A Mcdel of Naval Fcology

A very ceneral graphic representation of a naveal erclog-
ical system is attempted (Ficure 6 ). This not only shows

some basic operations-weapons systoms-environment relationships

- 26 -
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(e.g., which operations are carried out where with which
weapons systems), but alsc some of the environmental con-
straints upon the systems (e.g., heights to which various
craft can safely submerge). 1In other words, the general range

of things, activities, and ambience is illustrated. The prob-

lem is to reduce this general picture to some positive state-
ments about capabilities and limitations, go-no go situations,
etc.

Structure of the relationship. The idea behind struc-

turing this relationship is simplicity itself. Just as the
total amount of "business" for one day in a large department

store is the sum ¢of many small and large transactions of all

kinds, so the total impact of weather and sea state and coastal

topography on an amphibious operation is the sum of many small
and large effects of states of the environment upon men and
materiel involved in many kinds of activities. To predict or
simply keep track of total business or total impact one needs
some sort of accounting system ~- an accounting system based
upon an understanding of how the small events add up to larger
ones which add up to totals. Some banks understand these re-
lationships well enough, for example, to be able to get reli-
ably accurate figures on the day's business by sampling the
transactions instead of accounting for all of them. This

will obviously be necessary in certain aspects of the use of
environmental data -- especially in strategic planning and

in operations; on the other hand, development will probably
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want to consider all knoWn relationships, and research will
be necessary to support both the knowledge of relationships
and the bases for sampling.

One assumption behind the structure suggested is that
any small effect can be traced to the part it plays in a
larger effect. This is a reasonably certain assumption, be-
cause all of the categories of the relationship are aggre-
gatable and the effects are largely measurable. The array
of index subjects from the NCEL GUIDE in the preceding
chaptgr (Figure 2 ) suggests that development investigations
regulariy examine the relationship at several levels of
aggregation: structures are designed for * .e marine environ-
ment, but at the same time the biodeterioration, corrosion,
fouling, etc., of various kinds of materiel and equipment
are studied with respect to specific aspects of that environ-
ment.

A graphic portrayal of the modei concept (Figure 7 )
shows how all categories and their ecological relationships
within specifically defined operations are discrete with
respect to naval function. One would expect the normal
laboratory investigation to be at the most specific level of
materiel and element of environment, and usually either this

is the case or such studies have been made and are basic to

designs of such collective materiel designations as "structures"
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or "aircraft". It is quite normal to apply all of the known
principles of environmental relationship of materials, wing
conformation, structural strength, etc., to design.

Explanation of model. The distinction between the signif-

icance of environmental impact to research and development, on

the one hand, and strateqgic planning and operations, on the

other, is apparent. Research is concerned with unknowns in

the environment; applied research is concerned with the unknowns

in the environment-weapons systems relationship; and development

is application of principles of relationships to improved weapons
system design or adaptation to environmental stress by means
of new use techniques. (The distinction between research and
develcpment, which we will elaborate somewhat in the follcowing
chapter, becomes guite understandable in this context: applied
research and development clearly take their cues from require-
ments for new or modified weapons systems, whereas research
tends to be generated by ignorance about the environment. To
give such research naval relevance it is necessary to conduct
it in those areas of ignorance which have the greatest impact
on use of present and proposed weapons systems.)

In both activities all ranges of impact, from minor to
ma ‘or, are considered: that is to say, the optimum funciioning
of all equipment and materiel is important. There is therefore
no relationship ~- no aspect of naval ecology =-- that is unimpor-

tant to these two basic naval functions.
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In strategic planning and operations the significance

narrows down rapidly to weapons system critical to an oper-
ation, and to the importance of environmental impact on their
successful functioning.

To illustrate the difference with examples, corroded
cables may affect an operation adversely when they do not
function properly. But that is not éhe commander's concern:
design features and maintenance procedures are supposed to
preclude such malfunctions. However, design and maintenance
often provide adaptation only up to certain limits of environ-
mental impact, and the commander must know for critical com-
ponents -~ suéh as landing craft in an amphibiops operation --
what those limits are and the extent to which such conditions
will inhibit or stop landing craft. More, he must know what
that "extent" means in terms of success of the overall oper-
ation.

This means that the universe of environmental-ecological-
engineering knowledge which is 8o necessary at the research
and development levels must be focused for practical use at
strategic planning and operations levels. The focus is achieved
by two analytical procedures, shown in the center of our model:

(1) impact data must be aggreqated in terms of weapons
systems, giving the commander some quantified idea, for example,

of how many amphibious craft will not reach shore in sea state X, and
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(2). every component must be assigned a weighting
factor indicating its importance in the overall achievement
of nmission; for example, what are the really critical weapons
systems components in an amphibious operation? To know what
effect sea state X will have on mission success, he must know
how large a factor landing craft will play in that particular

operation.

Building the Applied Science, Naval Ecology

The building blocks of this applied science are at the
level of greatest specificity in the model. For vers specific
engineering and design purposes many of the relationships at

this level have been examined and are being exami:ed, and

there is a wealth of reports in which highly -~ -~ re-
lationships are examined or inferred, in which nts
for new environmental data are indicated, in wha *. of

environmental impact is implied, etc.

One of the basic gteps in naking these widely scattered
kinds of relevant information useful is to pull together what
is known, what is inferred and implied, and what is not known.
It will be in a sense a pioneering effort to demonstrate:

(a) how much is known about naval ecology, and (b) how
important this information is when it is put together in a
coherent system of principles of relationships. As this is

accomplished, the results should be transmitted by some
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media, probably in the form of reports, to both ONR and
the naval laboratories, for obvious reasons in both cases.

The two processes which link these scientific and engi-
neering data to planning and management, and which in effect
select out management applications, are data aggregation by
weapons systems and systems analysis of operations-and-weapons
systems for the purpose of assigning weight factors to critical
weapons systems components in given operations. The first is
a logical development of systematizing nezval ecological infor-
mation. The second is probably only worth doing if an infor-
mation system for management use is going to be developed, in
which case it would be a function of whatever agency sponsored

development of the information system.
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CL.APTER 4

THE DISTINCTION BETWEEN RESEARCH AND DEVELOPMENT

There are such fine shadings of difference between basic

and applied research, and between applied research and develop-

ment, that it is often very difficult to know into which cate-
gory a particular project fits. Nonetheless, the Navy makes
the distinction. Funds categorized "research" are adminis-
tered in ONR, while funds labeled "development" and "-~dvanced
development" are administered in the Materiel Command.
Excepting the Naval Research Laboratory, most development and
advanced development are carried out in naval laboratories,
which also may do some relevant basic research, freqguently
with ONR funds. Both ONR and the laboratories rely heavily
on people and organizations "outside" the Navy in their pro-
grams: ONR on universities, the laboratories on industry.

It is perfectly obvious to everyone =-- including every-
one in Navy -- that there should be the utmost coordination
among these three classes of studies and investigations
supported by a single organization. There can be no question
that anything supported by Navy funds ouyht to support the
overall Navy mission in some discernible fashion, with the
ganerai ﬁﬁilosophy in mind that whatever heips Navy perform

effectively is also in the national interest. In fact, the
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laboratories tend to be product directed, while in ONR it is
the responsibility of program directors to assure mission
relevance.

That there is in fact not very much ~oordination is the
most natural thing in this modern technological world, as
noted before. Nct to belabor the point, mav we just
say that coordination among elements of an organization is
seldom perceived as a path to personal or organizational
achievement and glory. On the contrary, competition is
appropriate. 1In brief, in ONR the payoff is in basic re-
search -- new knowledge; in the laboratories, the payoff is
in developinent of new materials, new equipments, new weapcns
systems.

But this is not the only facet of competition. For the
laboratories themselves are functionally distinct, oriented
towuard different asrects of Navy hardware and operatiuns,
and geographically separate. Among other things this means
that although there érg officially 12 naval laboratories,
one of these (NRL) is attached to th2 Chief of Naval Resea.ch,
and the other 1l do not by any means represent the Navy's
only resources for development activities, There are many
“centers” and “"stations" and "_ites"” which are also involved
.1n similar activities. The reason for this, of course, is
that there are problems to solve, and paople will attempt to

solve them according to their own particular capébilities
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and interests. So an organization chart rarely provides an

accurate pictare of what is going on at a particular
instzllation. Besides, American industry plays a large
role in development for Navy.

If we can accept the fact that large organizations are
probably no better organized than we are as individuals in
our daily lives, then it is possible to understand why it
is difficult, if not impossible, to coordinate fully for
naval relevance the wide variety of organizational units
located all over the United States, some within Navy but
many outside, which are s;~:ding the money labeled "research”,
"development", or "advanced development". While it is human
nature to attempt to fit largp groups of people into discrete
functional categories and assﬁme that people so grouped are
performing the specified function, it is common knowledge
that things do not work out this way. Scientists inclined
{oward application are going to incline toward application
whatever their assigned tasks, and engineers interested in
basic research are going to find ways to spend their time on
basic research.

Unfortunately, this creates some problems:

(1) The organization of environmental data collection,
for example, obviously is not c>timized by assigning the
oceans to one agency and the étmosphere to another. There

is no universal system of data dcsign for either; information
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format is specified by need, and it is hard for a collection
agency to be totally responsive to a variety of needs, even
if communication among agencies were good, which it isn't.
What happens very often is that the functional agency with
a need either uses inappropriate data, or attempts to extra-
polate and translate, or collects its own, Or does without.
Meanwhile, the collection agency goes merrily ahead collecting
all kinds of data which are not used by anycne.

(2) There has been little research on the interaction
of environment and military operations (as opposed to a
great deal on the interaction of environment and metal
corrosion, for example). The reason is that no one has the
responsibility for knowing about this except the commander
of an operation. (The only special facets of operations
singled out for attention are intelligence, and much more
recently, logistics.) The commander learns the rudiments of
environmental impact: weather, something about terrain, sea
state, surfs and beaches. But this covers such a wide
variety of complex situations -~ this naval ecology -- that
no commander can possibly give the time and effort to
organize a special investigation. It is still largely an
art instead of a science.

(3) There must be enormous duplication of effort. I

have referred earlier to the wide variety of riverine craft
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being produced by a number of different branches of service,

ppssibly for slightly different uses, but all for the rivers

of the Vietnam delta area.

Conclusions. The impasses created when vertically-

structured organizations are unable to solve inter- and
intraorganizational problems ~- problems which literally
require a "team" approach to solution -- exist throughout
the modern world and are not going to be overcome here. But
it doues appear that providing and soliciting information may
be an integrating activity that will help increase the amounts
of cross-organizational communication and coordination with-
out endangering the precepts and validity of the organizations
and individuals involved. I think the concept here is that

there is more power to be exercised in distributing infor-

mation than in withholding information, a concept that most

managers and leaders apparently do not accept.
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CHAPTER 5

THE KEY ROLE OF A COASTAL INFORMATION SYSTEM

Our conclusions are that environmental impact on naval
operations is significant and that much more is known ahout
such impact than is applied. Present naval.organization is
one of the reasons that ecological data have not been system-
atized and principles of environmental impact applied in an
integrated fashion to all naval functions. This is quite
understandable, und we do not suggest reorganization. Instead,
we believe that creaticn of a'coastal information system would
provide impetus for increased sophistication in the develop-
ment and use of environmental impac: data -~ and would at the
same time help integrate naval functions which now tend to be
separated by organizational gulfs.

If this appears to be a case of rationalizing one's
original goals, let us point out that what we originally
thought to be our objective is also a way of introducing new
ideas without drastically altering the present naval modus
operandi. In other words, the coastal information system is
now not just an end in itself, but a way of achieving a number
of related objectives, by no means the least of which.is an
integrating communication system among the organizations
supporting the four basic naval functions. One has only to

look at the impact of accounting systems on the patterns and
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personalities of different businesses to realize the signif-

icance of the form given to information: cost accounting

systems which originated in Germany during World War II are
credited with the incredibly efficient German use of raw
materials, and the same systems apparently were basically
responsible for directing the post war Ford Motor company
toward profits instead of losses. The term "system" is
significant here, because system thinking is integrating
thinking.

The heart of any system is the transformation process --
the ways in which inputs are transformed to outputs =-- because
the outputs are no longer data to be translated according to
the decision~maker's experience: they are, in fact, state-
ments of philosophy and igterpretation which help make the
decisions. 1In effect, the transformation process is the
system, and whoever controls this process can indeed exercise
a great deal of influence, not by withholding information,
but rather by marshalling it =-- which means giving functional
activities the pieces of the integrated information ouvtput
they require. When we could not make real headway in deter-
mining requirements -- and thereby specifying outputs =-- we
investigated the transformation process to see how environ-

mental data were being managed within Navy.
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The Transformation Process: Coastal Information

Our first attempt at structuring this process was re-
ported previously (October 1968). We postulated that the
transformation processes were defined by such terms as selecting,

filtering, monitoring, translating, factoring, relating, summa-

rizing; that they represented key relationships within the
system and with other systems; and that these relationships
could be "located" at three interfaces. (The term "interface"
tends to be gobbledegook, and for this we apologize.) What
we meant was that at three "locations" in the system the
characteristics of competing, or at leas*t different, functions
had to be resolved in Navy's favor. One of these was the
point at which coastal data entcred the Navy system from out-
side sources, and here all relationships other than the
environment/military operation relationship were filtered out.
Another was the point at which areas of the world unlikely to
have any significance to Navy in the foreseeable future were
screened out. A third was the internal Navy bias which trans-
lates most naval requirements in terms of weapons systems.

As we have defined them, the interfaces are conceptual.
But they should exist in a functional sense if not in an

institutional sense: that is to say, someone, somewhere in

et e e et

Navy should be involved with these interface functions, be-
cause coastal information dr-s in fact move into and through

the system.
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In terms of these concepts we drew up the Coastal Data
Flow Information System (Figure 8). On the basis of this
we suggested in our first report that the second year's
effort be an examination of the real system as compared with

our conceptual system:

The purpose in doing this is to be able to
make some generalizations about the transformation
processes presently at work and to what extent they
appear to be equivalent to requirements. It is a
reasonable assumption that the points at which the
"real" system and the "ideal" system do not match
are points about which some management decisions can
be made. (p.59)

The "Real" System

The "real" system we took to be those information flows
which supported the entire range of weapons systems activities,
from determination of requirements to design and exploratory
development, from test and evaluation to advanced development,
from transport and storage to use and maintenance. In fact,
our contacts with the laboratories indicated that the weapons
system orientation was real, and the approach to weapons systems
procurement in Navy is in every sense a system: the various
aspects of the system are charted in Figures 4 and 5. What
these charts do not indicate is the input of environmental
data required for such a process. A comparison with the process
chart drawn by Sykes (Figure 3) shows how many possible omis-
sions of environmental data occur.

Although the documents themselves =-- the GOR's and their

corresponding SOR's and TSOR's, and the feedback documents,
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TDP's, EDP's and PTA's, contain varying amounts of environ-
mental "reqguirements", and there is a general framework of
military environmental standards, our interviews with labor-
atory personnel clearly indicated that environmental data are
much more prevalent in the process than indicated by the docu-
ments theisselves.

We believe that the role of cogstal (environmental) data
is much more fully portrayed in Figure 9. Environmental data
are supplied to the fleet and to CNO from a variety of intelli-
gence and environmental data disseminating sources. These
sources are also used by the laboratories} which can draw upon
ONR as well as many outside agencies for envirqnmental data
they need; and many laboratories collect data informally
themselves. Industry probably has about the same sources as
do the laboratories.

Evaluation. This is a system with many hiatuses, laragely
because it is a system only informally -- because we have
chosen to rejard it as a system. Weapons systems procurcment
is indeed a system, and a formal one. But coastal information
as a supporting system for all naval functions in support not
only of procurcment (design and development), but also use,
transportation, storage, and maintenance of weapons systems

does not exist. If there werz a formal system, it would have
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these characterictins which are now missing:

(1) Environmental data would be translated into immediately
applicable informaiion outputs for each of the four functiaas:
as it is, there is very little difference between data inputs
and data outputs, and there is no environmental data system
designed to meet the needs of either the research function or
the development funciion:

{(2) There would he feedirack of operational data from
industry and laboratories to CNC and Fleet Command: instead,
numerous reports are generated which are not even circulated
among laboratories;

{3) There would be feedback of scientific data from
research to industry and laboratorics: instcad, repcorts are
generated which are available on the same basis as laboratory
(and industry) reports.

Notice that these points relate only to what we have
called the weapons systems interface -- in other words, the
internal-to-Navy process of translating and marshalling
information in support of the four basic functions. The
priorities interface probably exists in some fashion: there
was no point in investigating what is probably a highly
classified activity until an actual information sysion was
put into operation; it is enough to snecify the requirements
for the activity. The gelationchips intcrface consists of

a hodgepodge of contacts with information sources outside
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Navy: it can be defined to some extent when the system is
designed, but it will probably continue to be a hodgepodge
because environment-military relationships are not very
exclusive.

A Theoretical Svystem

Examination of the present system and what was missing
from it, when coupled with the inveséigation of the develop-
ment potential of naval ecology,.convinced us that it was
now possible to specify in some detail the nature of a theo-
retical coastal information system responsive to naval require-
ments (Figure 10). The following are our specifications:

INPUTS

(1) Relaticnchips data. Incorporating the basic cou-

cepts of the model of naval ecology, the heart of system

inputs is a data bank which contains all available infcrmation
on the relationships involving components of environment with
components of weapons systems ~-- i.e., all materiel, equip-
ment and personnel in all possible activities subsumed under
design, test, evaluation, etc. Inputs to this data bank are
categorized in all possible ways, so that relationships data
can be retrieved, grouped, and analyzed from the varying points
of view of elements or aggregates of environment, location,
relationship (kind of effect), class of thing or person, cate-

gory of activity, stage in weapons systems process, etc. (Our

exercise with three-dimensional matrices shows this is possible.)

These data come from any possible source, but primarily, one
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would think, from military laboratories and from industry.
There may be several classes of such relationships infor-
mation, but at the very least there should be two: (a) rela-
tionships which are in some sense "preliminary" or "explora-
tory" or even "hypothetical”, and (b) relationships observed
often enough to be stated as principles of naval ecolégy.

The latter are the most useful, of course; the former indicate
a need for further investigation, perhaps; and an absence of
either in significant areas of developing weapons systems
components is a signal for activity in development or research
or both.

Information, or lack of information, in the data bank
should be immediately available on reguest to ONR, all naval
laboratories and development centers of whatever type, and
industry supporting naval weapons systems development.

(2) Environmental data. The data bank is the basic

input to the system: in terms of its stated relationships
environmental inputs are generated. A relationship will
specify environmental conditions: this generates a request
for data, and it should be known whether the necessary data
exist and if so in what format, coverage, etc. If the data
required are such that statistical means or probabilities

are insufficient, sources of prcdictions should be indicated.

If data are in any sense unavailable, this information should

be stored. Relationships firm enough to be stated as principles
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should be backed up with all available required data: this
means essentially having a constant input for such relation-
ships. There should also be constant input for frequent
requests and a knowledge of source for infrequent requests.
In other words, environmental data are acquired and stored
and supplied according to need. The system should be respon-
sive to all requests for environmental data, including the
once-in-a-decade type, but the location of such data in the
system and the format of its outﬁut should be determined by
frequency and priority ©f need.

(3) Priority inputs. To limit the.size of the transfor-

mation process (but not the data bank, which should include
all known relationships and sufficient environmental data,
as defined above), four inputs will establish priorities for
region, operation, weapons systems, and environmental impact:
(a) Priorities will be assigned to such regicns
as may be considered strategic for naval
purposes.
(b) Each such region will be defined in terms of

probable operations.

(¢) Each operation will be defined in terms of
weapons systems components priorities =-- which
are most critical, least critical, etec., to
success of the operation.

(d) Each component will be described in terms of

its sensitivity to environmental impact.
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OUTPUTS

We previously specified three levels of outputs, the
first being priority information on region and operation; we
have now categorized this as an input, leaving two levels of
outputs: command level and support (operating) level (Figure 11l).
The distinction between these two levels is the same for all
functions: command level outputs are limited to high priority
bregions and operations, and to critical and sensitive weapons
systems components. Management can thereby measure its re-
search and developmenc programs in terms of how well they
are adjusted to the Navy's most urgent needs, and those in
command of strategic planning and operations will have only
the information they need to support the level of decisions
they must make. Otherwise the output is designed to meet
the purposes of the particular function. To the extent that
these can be anticipated at this point they are:

(1) For environmental research. Environmental unknowns

(needs~to~know) about distribution, probabilities of occurrence,
intensities, predictability, relationships with other environ-

mental elements, etc.

(2) For weapons systems development, test and evalu-

ation. We arbitrarily divide this process into applied re-
search and all aspects of development:
(a) Appliod research - &ll unknowns about environ-

ment-weapons systems relationships.
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(b) Decvelopment - all data on relationships, in

support of improved design (application) or
improved use (adaptation). All environmental
data for the specific conditions of design
indicated in GOR's and related documents.

(3) FPor strategic planning:* statements of the nature

and extent of probable environmental impact on weapons systems
components available for use, giving modifying place, season,
and time of day options.

(4) For opcrations:* statements of the nature and

extent of probable environmental impact on weapons systens
components being used, giving such place‘and time options as
are possible. .

* To an important extent the support or operating
level data in these cases are instructions about
optimum techniques of operation, supplied either
in actual training or in training manuels and

therefore given only to the operator or user

of specific components (Level 2 deleted, Figure 11).

TRANSFORMATION

Given these inputs and outputs, it is now possible to
be morc specific about the transformation processce:

(1) 7Translation. The major data change process involves
the two activities at the center of the naval ecology model:

(i) aggregating impact data by wcapons systems, and
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(ii) assigning weighting factors to components according

to the importance of their contribution tc an operation.
The technique of using these methods to translate relation-
ships data into probable impact statements will be a major
factor in developing the systen.

(2) Selection. By far the most prevalent process is
simply selecting appropriatc data according t~ £functional
needs or according to specific requests to the system: the
interlocking categorizations and real interdependencies of
the three classes of inputs make a widc variety of selection
systems possible, particularly in an automated system.

(3) Marshalling. Routing only rrlevant data to poten-
tial users is a very powerrful aspnct of transformoticn.
Marshalling lso routes relevant data to transtation and
selection.

Evaluation. In our various attempts to diagram aspacts
of a postulated -- as opposcd to real -- system (Figures 7,
8, 10, 11) we have avoidecd designating elements of naval
organization. There is a tendency to equate rescarch with
ONR, development with the laboratories, stratcgic planning
with CNO and opecrations with Flect. However, the neme and
locus of such a system, the tources of its data, and the
agencics tc which the outputs go all remain relatively
abstract. It would serve no purpose to attempt to identify

clements of organization prematurcly, and as our proposals
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for initiating development indicate, this is a process in
which the initiative must come fortuitously =-- from the
agency or agencies which perceive the requirement.

Our basic evaluation of this exercise is that if it is
important to the Navy to have such an information system ~-
then it is possible to develop cne. The rudiments of both
the science and the infcrmation system exist now. By under-
standing and carefully working out the process of develop-

ment, one should be able to upgrade these rudiments into

effective systems rather soon.




CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

In our original proposal to ONR (September 1967) we
said, "The problems of structuring (a coastal information)
system are vast, while the problems of im; lementing the
system, once it is structured, are minor . . . . Therefore,
this proposal is addressed to the.problems of concept and
structure which must precede implementation."

Unless we are badly mistaken the problems of concept
and structure were not so vast as we thought at the time --
if our solutions are acceptable. Meanwhile, in the process
of working on these problems we believe we have learned

something about the process of implementation.

Conclusions

We have concluded that environmental impact on naval
operations is significant; that the rudiments of the science

describing and measuring this impact exist (we refer to this

as naval ecology): that an information system can be created,

based on principles of naval ecology, which as it evolves
will improve naval eilectiveness.

We believe that such an information system will provide
the focus by means of which an effective interaction can be
established among the four basic Navy functions =-- straﬁegic

planning, operations, weapons systems development, and
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research; will provide the stimulus for defining and acting
upon principles of environmental interaction; and, therefore
will have a desirable impact on system effectiveness. This
belief is based on evidence of the pervasive influence upon
organizations of the introduction of systematic data mar-
shalling -- typically of accounting systems, of logistics
and personnel information systems -~ in fact most management

information systems.

Recommendations

Our conclusions led us to two distinct but interrelated
recommendations: development of a body of coordinated knowl-
edge termed "naval ecology" and creation of an information
system. The first can best be described as empirical research --
the patient piecing together of empirical data into a useful and
valid body of knowledge. The second is part adaptive innovation,
part technology, part management. In the process of developing
both an understanding of environmental interaction and appli- ‘
cations of that understanding, the two activities are necessary,
because it is on the basis of a framework of envircnment-weapons
systems-operations relationships that all levels of an infor-

mation system can eventually be created.
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Recommendation 1. Construct an Empirical Model

of Naval Ecology Based on Data From Service

Laboratory and Engincering Centers

Our discussions with naval laboratory personnel indicated

in many cases a real concern with environmental impact. A

large proportion of the studies carried out at the Navai Civil

Engineering Laboratory, as indicated previously in this report,

had to do with one or another aspcct of environmental relation-

ships. A survey c¢f the Technical Abstract Bulletin showed

titles of app3rently relevant reports from the following

naval installations:

Naval
Naval

Weapons Center
Ship Research znd Development Center

Mine Defense Laboratory

Naval
Naval
Naval
Naval
Naval
Naval
Naval
Naval
Naval
Naval
Naval
Naveal
Naval
Naval

Inshore Underwater Warfare Group
Underwater Warfare Center

Air Development Center

Air Engineering Center

Avionics Facility

Medical Field Research Laboratory
Medical Research Institutes

Missile Center

Oceanograpnic Office

Personnel Research Activities
Radiological Defense Laboratory

Supply Research and Development Facility
Training Device Center

Underwater Weapons Research and Engineering

Station

Naval

Weapons Laboratory

Navy Electronics Laboratory
Navy Marine Engineering Laboratory
Navy Underwater Sound Laboratory

For a variety of reasons there is no attempt to correlate

such ctudies, except on an individual basis, and there is no

central clearing~house of engineering reports. Within Navy
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there is nothing standard about the bibliographies that are
published. Functionally oriented organizations in topically
oriented societies simply do not encourage complex, inter-
disciplinary collaboration.

In addition to such reports, COMOPTEVFOR regularly tests

naval materiel (in our language, components and subcomponents),

‘in operational and geographical environments; there are hun-

dreds of reports specifying the findings of such evaluative
procedures.

Therefore, it seems desirable and feasible to begin to
construct a model of the applied science, naval ecology, using
the empirical data reported in naval studies such as those
referred to, plus studies made by similar organizations in
Army and Air Force. The suggested approach relates directly
to the functions and categories and relationships diagrammed
in Figure 7 (particularly the basic data phase) as well as
to the information system portrayed in Figure 10:

Step 1. Collect all available relevant bibliographies

from all services, and concurrently,

Step 2. Select eithrr all reports dealing with vehicles
and structures, or a very large sample of all such reports;
select from these reports only those in which the relationship
between the thing reported on and environment is stated ver-
bally and the conditions of the environment producing the

relationship are in some sense quantified.
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Step 3. Extract data from all such selected reports,

coding the data in a wide variety of ways; for example:

* Hierarchy of components and subcomponents

landing craft
electionics systems
navigation
circuitry
transisters
communications
etc.
engines
electrical systems
etc,
hull
etc.

* Functional category or categories reported

use
test
transport
storage
maintenance

* Operation or component of operation

amphibious
landing craft
helicopter operations
surveillance
personnel movements

ete.

* Description of the relationship

corrosion trafficability
erosion mobility
shorting habitability
fouling

swamping

pollution

rusting
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* Functional outcome of relation hip

degradation
deterioration
mal function
fatigue
failure

*  Environmental situation producing specific effect

sea state
visibility

soil bearing ratio
slope

humidity

barriers

* Measurement of environmental situation producing
extreme effects:

function failure or serious restriction
movement prevention or serious inhibition

* Techniques for offsetting undesirable functional

outcome
application adaptations
coating air conditioning
insulation treatment
new materials preservative

Step 4. Broaden scope to include all categories of com-
ponents and subcomponents for which data exist.
Step 5. Perform machine analyses of collected data; for
example:
* Aggregate data by incidence of (e.g.):
Kinds of effects for major components
Functional categories reported for major c¢om=-
ponents
Relationship descriptions for major components

Functional outcomes by subcomponents
Extreme effects by major components

- 69 -




* Analyze data in a variety of ways, e.g.:

Specifications of environmental situation
by effects

Specifications of environmental situations
creating extreme effects by major components

Specifications of environmental situations
creating extreme effects by operations and
components of operations

Step 6. Attempt to construct an empirical model of naval
ecology, based on the previous analyses, such that given an
operation and its major weapons systems components one can
predict:

Components most likely to be affected by environment
Components most likely to be extremely affected by
environment .

Step 7. As outcome of model construction'attempt, point
up areas of ignorance, as follows:

Missing axes in the coded data of Step 3, by com-
ponents and subcomponents

Components not reported

Environmental information necessary to predict,

for example, geographical areas exhibiting
extreme effects for specific components.
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Recommendation 2. Design a Prototype Coastal

Information System for Amphibious Operations,

Command Level Outputs

An information system can only be usefully introduced by
the people who will manage it, contribute to it, and use it ==
because it is a product of all these things; This is the
basic argunient for building on present systems, for providing
constant tests of system effectiveness, and for carefully
choosing the techniques of development, system hardware, and
above all, the format of outputs.

Our philosophy thus far has been to develop concepts and
structures which are meaningful to the present Wavy. It is
for this reason that we have sought our data (for the systems
analysis we have undertaken) from the Navy itself. The major
distinction between our concepts ard actual Navy practice is
a distinction between the way organizations function and the
way information systems function. Information systems, as
opposed to data flows, are relatively new concepts. And the
real significance of information systems, we believe, is
their capability of increasing organization effectiveness
without necessarily changing organization structures.

In other words, we belicve a weapons-systems oriented
environmental information system may do far more than improve

decision-making and ¢ystems operation effectiveness:; it can
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create common goals meaningful to all functions, and in doing
this it can create a common language which will unite for
more effective performance the diverse human elements --
officers, engineers, scientists, administrators -- who make
up a complex organization like Navy.

But it can only do this if it reflects the present capa-
bilitisr ~nd ocutlooks of these peoplie. Its purpose is not
to replace any present functions, but to support present
functions in such a way that both effectiveness and develop-
ment are improved. Our suggested approach to creating a
prototype coastal information system for amphibious operations
for command outputs will therefore be based on two analytic
exercises incorporating Navy logic and procedures: one will
be an operational monitoring of an amphibious planning exer-
cise; the other will be a systems analysis of an amphibious
operation aimed at establishing sub-operation pricrities and
environment sensitivity. The system itself is based on the
generél design reporteé on the previous pages,

In this way we can be sure that the information system
does not go beyond the state of thc art of amphibious warfare
and that it does not contain what data-recipients would con~
‘sider irrelevant data. The "new" element added will be the
transformation process, which will both translate and marshall

information to expedite the communication process among
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Navy functions as these bear upon amphibious warfare and
its related weapons systems.

One thing that must be kept in mind is that no coastal
information system is going to provide all of the coastal
data that individuals want. It is safe to say that collection
activities =-- across the whole spectrum of sophistication
from an orbiting sensor to a frogman's estimate of wave
heights -- go on throughout the Navy, in all functions. This
will continue. But the collection syndrome is a sensitivity
to be built upon, not a condition to supercede. In other
words, a Navy coastal information system will perhaps contain

only a fraction of all coastal data collected within the Navv

alone, but the data it does contain should be high priority,
critical, extremely relevant -- it should, in fact, be a
basic resource for decision-making of a sort that shows the

close relationship among all Navy functions.
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Suqgested Approach

Essentially four interrelated but separate work phases
are glanned:

(1) One is the detailed monitoring of an amphibious
planning exercise, in which Matrix personnel will not only
observe, record, and question,but will also discuss with Navy
and Marine counterparts the nature of every point in the exer-
cise at which environmental data arc brought to bear or are
not but should be brought to bear in someone's opinion. This
will acquaint the Matrix team with the environmental compn-
nents of Navy planning procedurcs and the Navy-Marine team
will be sensitized to environment as a pervasive factor.

(2) A second is the analysis of an amphihious operation,
the two immediate objectives being (a) to establish a range
of priorities for events and the weapons systems supporting
those events, and (b) to establish critical environmecntal
parameters for high-priority-event systems (see previous
chapter). Thesc proccdures should limit the universe of
possible environment-system relationships to those which are
roally critical for command decisions for strategic planning
and operations, should reveal aritical arcas of environment-
engincering priorities to development, and may revcal as

research guidelines arcas of ignorance of cnvironment-weapons

systems relationships or ol basic environmental knowledgé.
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(3) The third is design of the system, following the

3 system definition of thé previous chapter, which involves

specifying data outputs to each of the four functions in

% terms of their own requirements, and in terms of a specific

| E location. This means providing the strategic planner with
. critical environmental parameters for high priority events

in amphibious operations, as well as with the probabilities

P fhat "inhibiting" or "preventing" levels of these parameters

will be reached at a specific location at various times.*

It means providing the commander of an operation with similar

data for a specific loca%tion for some more limited time

options, so that the predictions are more precise and pre-

i‘ sumably more accurate. It means providing the development
§
engineer with information about the weapons systems components

i which are both critical to the operation and most environment-

sensitive, and therefore least reliable. It means providing

e

test and evaluation with sets of significant questions about

- system components, questions which cannot be answered with

current knowledge. It means providing research with similar

- — g

questions -- about the incidence of environmental conditions,

*It may also be possible, although probably not in the course

of this study, to provide a decision-making matrix for the iikely
situntions in which there is no straightforward "go-no go" con-
dition, but rather a mix of different levels of environmental
impact upon various aspects of the operation; for example, there
may be & serious inhibition of supporting air operations but
idea' sea state for amphibious landings, and these are the
marginal decision-making situations in which some cbjective help
is ureful,
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about the predictability of certain environmental factors,

about the interrelationships of environmental processes,
etc. -- which cannot be answered with current knowledge and
which relate directly to high priority events in amphibious
operations.

The process of translating environmental data into infor-
mation outputs such as these and directing them to the proper
fecipient is a significant part of the transformation process.
The chief task of this work phase will be to create a process
of translating data in ways which hopefully can be duplicated
by computer programs. A subordinate task will be to identify
data sources which can currently be used as inputs, as well
as requirements for other data sources which do not now exist.

(4) The fourth is system evaluation. ‘

The entire process is aimed at demonstrating that it is
possible to create a manageable system which provides only

high priority data in a translated form of immediate relevance

to its recipients, a.system which at the same time provides
different Navy functions with an additional common basis for
interacting =~ i.e., the environment-weapons system relationship.
The prototype will apply to only one operation in one
location for command outputs alone. Thus it is only a small
beginning. However, even this beginning will be designed

selectively to provide data for only critical events and envi-

ronment~-sensitive system components used in those events. Thus
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the system will be designed to meet urgent requirements at

the outset and to establish priorities for decision-making in
the various functional areas it serves. Its overall priority
depends only on the importance the Navy attaches to amphibious

operations as compared with other types of operations.

Work Phase 1. Monitoring a Simulated

Amphibious Operation

It is the basic purpose of this work phase to examine the
information flow processes during the development and simulated
execution of an amphibious opération to determine current prac-~
tice regarding the use of environmental data. The monitoring
process is used to establish: 1) the form, content,and signif-
izance of required environmental inputs to planning, 2) the
identity and functional relationships of filter sources to the
planning organization, 3) the synthetic processes required of
filter sources and their rationale for data reduction and
interpretation, and 4) the data sources upon which filter
sources rely and the forms in which data are transmitted to
them, 'all of which concepts were developed this past year.

These things are to»be achieved by means of the following
work steps, which are stated here in great detail inasmuch as

this technique has not been used in previous phases of the
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Coastal Information Project:

(1) The Navy and/or Marine Corps initiates a planning
program for a typical operation and Matrix personnel monitor
the planning operations.

(a) Determine the planning staff composition:

i) By command relationships.

ii) By function within the command.
(b) Assign Matrix staff members:

i) As counterparts to those planning staff
members whose functions particularly re-
late to environment.

ii) BAs a counterpart of the decision level. 5

(2) In those areas of the planning and simulated execution 5
of the operation relating to the coastal environment, Matrix

monitors have access to the number of environmental parameters,

the form in which the information is supplied to the planning
organization, the method of information transmittal, the origin %
of the information, and the time sequencing of information flow
to the planners.
(a) Establish Matrix participation ground rules to
the operation to allow:
i) Interruption of the activity to exanine
the environmental parameters made use of

in the operation. The interruptions allow
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ii)

Matrix counterparts to record:

o

o

Nature of requirement from planiing.
Origin of requirement from planning.
Form of requirement f£rom planning.
Chronology of requirement from planning.
Information source used.

Time duration between request and
response.

Form of response.

Content of response.

Their (and their operations counterpart's)

judgments of the response into the plan-
ning operation.
The judged adequacy of the response by
their planning counterparts:

(If adequate, Why?)

(If inadequate, Why?)
The relevance of the information to the
plan as judged by its use in the plan
and/or the judgment of counterparts.
The significance placed upon the infor=-

mation at the decision level.

Recording the chronology of events in the

overall planning and simulated execution

of the operation.
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(3) In addition to monitoring the planning and execution

processes, Matrix staff examines jointly with the Navy/Marine

Coxrps planning staff:

(a)

(b)

(c)

The relevance of the requested information to
the operation.

The usefulness of the information in the form
delivered to the operations planning group.
Those areas relating to environmental parameters
which would be useful, perhaps crucial, to the
operation but which currently are rnot available

or might never be available to planning.

(4) Following the exercise Matrix examines the infor-

mation inputs into the operation to establish:

(a)

(b)

(c)

(d)

The information inputs of the planning-execution
exercise.
The input information used in the planning-
execution exercise.
The input information that may not have been
used for reasons of:

i) Irrelevance

ii) Delivery in unusable form
iii) Untimely reccipt of information

iv) oOther
The information of use and critical to thé

planning~cxecution of an operation as conducted.
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(e)

(£)

(9)

Estimates of the time sequencing of information
input requirements.

Estimates of the adequacy of form and content
of current input information.

Conceptualized computer-~assisted input systems

to the planning and execution efforts.

(5) Examine the information filters between the planning

and execution levels and data acquisition for:

(a)

(b)

(c)

(a)

(e)
(£)

(g9)

The determination of data sources used in their
activities,

The form of the data or information which they
use (i.e., raw data, semi-processed, processed
and interpretcd) in the filter process.

The synthetic processes used in providing infor-
mation to the planning and execution levels of
use. |

The quantities and types of information and
data gathered.

The quantities and types used in the synthesis.
The types of operations to which they provide
inputs =~ if more than one.

The suitability of current informaticn inputs

into their filter system.
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(6) Examine the data sources utilized in the operation
to:
(a) Determine estimates of reliability of sources.
(b) Establish whether alternate or more extensive
pertinent data might be available from other
sources.
(c) The time requirement between data collection
and transmittal to filter sources.
(d) Conceptualize computer-assisted data trans-
mission to filter sources (which may become
a computer activity).
(7) conceptualize a computer-assisted program from data

collection to the planning-execution level.

Work Phase 2. Systems Analysis of Amphibious Operation

It will be useful to think of an amphibious operation as a
system the output of which is attainment of a stated mission.
The mission, which is a very general statement of accomplishment,
can be broken down into more discrete components: mission into
supporting goals, goals into supporting objectives, objectives
into required events or activities (the transformation process),
activities into weapons systems components, or men-machine-
materiel combinations (the inputs). The analysis will be based

upon Navy-Marine perceptions of such an operation, and it will
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prqvide nothing new except that it will structure and specify
the logic of the relationships of people, materiel, activities
and achievements.

This arrangement will enable experienced people to make
better judgments about, for example, the priorifies of activ- |
ities with respect to mission fulfillment. It will enable
Matrix personnel, who are well acquainted with known data on
environmental impact on men and materiel, to select critical
components to identify in some range of environment-sensitive
priorities. 1In effect, the objective of this phase is simply
to reduce the complexity of environment-amphibious operations
relationslips to their most basic factors.

The steps involved are:

(1) Analyze amphibious operations. Ask experienced
officers to review and criticize analysis. Ask same officers
to assign priority system (1, 2, 3) to each level of system
outputs and to each activity package.

(2) 1Identify environmental parameters for all weapons
systems components involved in high priority (1) activities.

(3) classify components according to sensitivity to |
enivironmental effects: i.e., those which are pravented by
some environmental condition of low-to-medium frequency of
occurrence or those which are inhibited by some environmental

condition of high frequency of occurrence.
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Work Phase 3. Designing a Coastal Information

System for Command Outputs

Working out the ecology of system components for a specific
location will require the following steps:

(1) Analyze environment-component relationship: set
"prevent" and "inhibit" conditions if possible.

(2) On the basis of above analysis, provide strategic
planning outputs indicating probability of encountering "prevent"
or "inhibit" conditions at various times, indicating basis for
making such judgments from data so translated.

(3) Where information deficiencies exist in either (1)
or (2), indicate type: e.g., nature of impact relationship,
basic data, etc.

(4) For all “"prevent" or "inhibit" conditions for some
specific time period (e.g., two weeks), provide operations
outputs indicatina probability of existence of such conditions,
indicating basis for making such judgments from data o trans-
lated.

(5) Provide development outputs of following types:
all critical components with high environmental sensitivity:
all areas of ignorance of environmantal impact relationships.

(6) Provide development outputs (test and evaluation)
with all known relationships and specific "prevent" :ad finhibit'

conditions.
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(7) Prrovide research with all translation procedures,

particularly those which involve excessive extrapolation or

interpolation and those with low reliability quotients (particu-

larly some aspects of prediction); also provide all required
new forms of data (not routinely collected), which may either
have to be inferred from present, related data or collected in
appropriate form; also provide all relationship probleus.

(8) Decide on appropriate format and language for all
outputs (2, 4, 5, 6, 7) with recipients.

(9) Specify data sources to be used on a regular basis.

(10) Briefly evaluate programming complexity and other

problems involved in automating such a systemn.

Work Phase 4. Evaluation of Prototype System

Once the coastal information system for command outputs,
amphibious operations, has bheen created, it must be evaluated
at input, transformation, and output levels to determine
feasibility, acceptance, cost and time factors, etc. The
following steps arec involved:

(1) Define in detail all required input data:

(a) Definition: units of‘measure, meanihg. signif-
icance, and illustrative examples.

(b) Derivation: identification at icwest level and
§rocess of development from the lowest level.

{(c) Source: where data are now stored and how

currently collected.
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(d) Format: in what forwa data are stored, i.e.,
digital, microfilm, written text. r.aps,
tables, etc.

(e) Quantity: how mnch information is available
and what coasts in the world are covered.

(2) BAnalyze data list and formulate for fe: ibility
tests. Determine basic data characteristics such as: maximum
number of digits to describe; location reference coordinates
required; general priorities during Strategic Planning, Opera-
tions, Weapons System Des _ ' and Development, and Research;
minimum processing required under various system concepts;
accuracy and validity under initial conditions and under up-
date or system maintenance conditions: quantities per coastal
description unit {mile of coastline, unit depth of water, etc.).

(3) Define in detail all translation procedures:

(a) Prediction systoms.

(b) Probability statements.

{c) Inferéncg of "inhibit" or "prevent" situations
from data.

(d) statistical! trcatmant of data,

(e) PFeedback procedures: areas of ignorance, of
excessive environmental sensitivity. ete.

(4) Analyze feusibility of data base structure and com=
puter application. At a relatively high functional level

simulate operation of a system -~ computer and data base
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aspects -- characterizéd ky data as defined in (1), (2) and
(3) above. The objectives of the exercise are exploratory:
to identify problem arcas or weaknesses, to.determine nec ad
for modification or éxpansion of basic concepts, and to pro-
vide guidance for parallel and future development efforts.
Manual, or rather informal, simulation is therefore indicated
using the experience gained in Work Phase l.-

(5) Because the most appropriate evaluation probably
comes from a careful investigation of the data packages by
representative users, it is ‘suggested that appropriate users
not only be given the packages but also a thorough briefing
on how they were designed, before they are put in final form
for a report. Thus any failures to judge correctly the users’

acceptance or rejection of such data can be corrected. -

oy

N

bt 7 e



[
[N
w ;._ﬁ

AT




“"to an attempt to determine outputs (requirements) of such a

SUMMARY OF TOWAL PROJECT: PHASES I AND I

The objective of this project was to design a coastal
information system responsive to Navy needs. The project
started two years age. The first year was devoted largely i

N

system, and was reported on in October 1968 (DESIGN OF A

~Navy tﬁbught were its needs for coastal information, we dis- "

- LOGISTICS, November 1955). It was obvious that we were not %

we put the question in a very cogent and relevant fashion.

COMPUTER-ASSISTED COASTAL INFORMATION SYSTEM: PHASE I.

OUTPUT STRUCTURE). In the course of investigating what the

covered that the appreciation of environmental impact is
about as random in Navy as it was several years ago when we ' j

studied Navy logistics in this context (ENVIRONMENT AND » l
going to get very concrete answers about requirements unless

This meant developing some framework within which to infer
requirements, and
The basic objective of the project as it devel-
oped was to sketch the overall coastal information
system as it looks at the moment, identify the prob-
lems, constraints, and prospects which face the
system, and within this framework make a more precise
statement of Navy requirements in the format of an
output structure. (Phase I, p. 2)
Our conclusions at the end of the first year were that
the next steps were to investigate Navy information flow
processes as these involved environmental data, and con-

currently to examine the coastal information requirements of
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the research function. 1In other words, we were still con-
cerned with outputs (requirements), but now much more in
terms of the bases for such needs instead of the recognition
by users of those needs. 1In the process of doing these
things we have looked -- somewhat incidentally -- at the
significance to Navy of environmental impact; we have queried.
navél laboratory personnel on their use of environmental data
in weapons systems development. We have investigated at the
same time the ecology of naval activities, in an effort to
determine how needs for environmental data, and translation of
such data to meet those needs, might best be satisfied. We
believe we know how to develop the ecological model for such
a system -- in effect, putting the integrated picture of
naval environments together in such a way that all users can
see their requirements as they relate to the requirements of
others. We believe we know how to introduce and develop

such a system in such a way that it will be a Navy product,
not a consultant's dream. And these are our two recommenda-
tions for further work.

Because the work of the past two years is a continuous
research effort, and because .. caders of this report
might not easily have access to the previous report, we have
attempted to summarize the total project in the relatively
few pages of this summary. This is not intended to be aﬁ

abstract of both final reports. There is an abstract for
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each. It is intended to be a description of our objectives
and our efforts, plus a self-evaluation of progress. There-
fore, it is organized in the form of answers to three questions

that anyone interested might ask us personally about the work.

Answers to Basic Questions

The work on the first two study phases can perhaps best
be summarized by attempting to answer three obvious questions:
(1) Wwhy undertake a project to develop a geographical data
system which is potentially so large and complex? (2) Why use
the systems approach in this undertaking? and (3) Has any con-

crete progress been made?

Why _a geographical data system? There are two answers to

this question, both equally important. Note the use of the
word "system", implying that the objective is not to create a

data "bank" for storing and retrieval of raw data*, but rather

* Coastal information can be taken to mean any data which can
be identified as applying to some specific coast or coastal
location. Such information is geographical because it has a
location or space component. Geographical information is
almost limitless. It includes information about coastal waters,
the physical coast and the atmosphere above it, the man-made
structures which occur on or off the coast, and the people

who occupy the coast. Such information is the raw material of
many sciences; it is structured and classified in a wide
variety of ways for a wide variety of purposes, and it is
available in a wide variety of forms.

In its present form, coastal information is not an infor-
mation system. It is a complex of subsystems each meeting
different requirements. For example, coastal navigation
charts, warning and identification devices, together with such
data collection devices as radar and sonar, could be called a
coastal navigation information system -- and a highly useful
one. Or data classified in such a way as to identify and




- to create an information process which accepts specified raw
data and transforms them into data specifically tailored to
the requirements of various users.

(1) To transform geographical (environmental) data in
such a way it is necessary to understand how the environment
interacts with men's activities. This is human ecology, one
of the least studied "disciplires" in the contemporary scien-
tific roster, yet unquestionably one of the most important to
man's survival. ONR's interest in "coastal information" pro-
vides the opportunity to study naval ecology, which is differ-
ent only in general objective from human ecology. While most
of the Navy's missions involve deployment of some sort of
weapons system, the bulk of the activities and materiel in-
volved in many non-naval activities, especially when one
abstracts the nature of the activity -- e.g., movement, obseyr-
vation, etec. Thus the opportunity to study the interrelation-
ships between environment and given sets of men's activities
is inherent in the problem of designing an information systenm,
and there is no relationship more fraught with both danger and

opportunity in the present technological era: it is, in other

differentiate coasts on the basis of coastal processes could
be called a coastal geomorphology information sub-systemn.

The term coastal is a construct, the boundaries and
nature of which are not currently definitive but are a function
of the collection and the use of data. In this study, coastal
information is treated as a sub-set of the universe of geo-
graphical data of interest to the Navy.
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words, very much worth iﬁvestigating, both for the Navy
and for mankind.
(2) One of the major concerns of the world today is
- communicating information effectively. As research has pro-
liferated in the post-World War II era, the amount of new

informatZion has greatly exceeded the capacity of present

communications systems to provide people with the data they
i could use if they knew about them. This is called the era of

the computer because that device has the rotential, at least,

to help solve the problem. But too often the computer is used
i simply fo store large amounts of information; an analogy would

be hitching a horse to a modern automobile. The computer can

be most useful if it is used not to store and regurgitate raw

data but instead can take the raw data and transform them into
e much more usetful outputs. This general problem has plagued
chemistry, in particular, because the discovery and use of new
compounds and processes is a very large business. In a less
obvious way, but in a way that is now becoming more and more
apparent, the problem is plaguing all of the activities which
involve a real knowledge of the interplay of environment and
human behavior -~ city planning, development planning, strategic
planning, military intelligence, ctc. The fact that geographical
data are so vast, encompassing so many different disciplines,

and that human behavior in its many manifestations is equally
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vast and encompassing, has discouraged the kind of inter-
disciplinary effort that is necessary if a geographical data
system is to be conceived.

And there are certainly problems to be solved before a
system is created. These were summarized in our previous

report as follows:

(1) User-oriented problems. The major human
problems which affect the effectiveness of an out-

put structure have been discussed:

(a) Perhaps the single most important
problem in the development of a geographical infor-
mation system (military intelligence, urban and
regional planning, tax assessment, etc.) is the
problem of involving the user in the .development of
the system. To be involved appropriately, he must
have some real appreciation of the rules governing
the operation of the system; he must be able to
state his reguirements for such information; he
must be willing to submit to the rigors and con-
straints of estahlishing informational priorities;
and he must have some comprehension of how the trans-
formation system works and what its language is.

(b) The user must use the system
"properly". He must learn to ask questions in
operational terms and expect answers in those terms.
If, as so often happens, he asks for the answer
plus the supporting data, like the commander who
wants to look at the weather chart before he accepts
his aerologist's advice, the systcm will not work.
(This explains the cemphasis on "levels of speci-
ficity".)

(2) Data processor~oriented problems. The
world of geographical data processing is a complex

world of processing and reprocessing. Geooviphical
data which have bLeen collected in verbal, analog,
digital, and visual formats arc summarized in visual,
analng, digital, and verbal formats; they are summa-
rized in terms of hourly, daily, monthly, and annual
time units, and they are summarized in terms of
every sizce and shape of arcal unit imaginable; they
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are generalized in the form of principles of cause-
effect relationships; and they are mixed with other
kinds of data in varying proportions and summarized
again for varying purposes. This is a very normal
condition, because so many people are interested in
so many different aspects and uses of geographical
data. (An analoguous situation might be a telephone
system for which the directories were put out for =--
and by -- classes of customers on the basis of the
major uses of the telephones and geographical distri-
bution, with no capability of pulling all the direc-
tories together into one.) It creates serious prob-
lems for the data processor. Caught between an array
of some ultimate information users and a wide vari-
ety of raw- or processed-data suppliers, he finds
himself constantly trying to interpret statements

of reguirements, understand the langaage and format
of many kinds of data, and develop a program which is
not only compatible with requirements and data inputs,
but also with the hardware available to him and his
experience. As a result, he introduces these p:rob-
lems into the system.

(a) Trogramming problems, which can be
interpreted as great investments of time and money
in the process of mutually educating user and data-
processor to each others' needs. Cost and time con-
straints, or the inability of tha data processor to
understand the problem, lead more and more to the
use of developed (canned) programs which may meet
the user's needs only peripherally.

(b) Output format problems, in which the
answers are in a form not intelligible to the user
without considerable effort or further education.
This is one of the most common problems of users of
geographical information, and it is a major obstacle
in the way of greater use of computer-assisted sys-
tems. -

(3) Data collector-oriented problems. It used
to be almost centirely the case that when a single
scientist collected geographical data for a study
he only published the rclevant, synthesized data;
the rest was cffectively "lost". (There is a grow-
ing tendency for the individual scientist, supported
by an institution, to submit all of his data to the
institution for storage.) Geographical data col-
lection of many types has been institutionalized for
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a long while (Weather Bureau, Geological Survey,
etc.), and has even been focused by many collectors
in such efforts as that of the international geo-
physical "year". 1Institutionalization is of many
types: it may focus on collection as a basis for
producing some required output (weather predictions,
geologic and topographic maps), or it may simply
focus, nowadays, on collection to serve a hetero-
geneous market of potential users. Two problems
arise from this situation:

(a) The data collector who has a "product"
in mind obviously collects data in terms of that
product =-- or should. This is proper: requirements
determine the inputs. Such data are not necessarily
in a form appropriate to the requirements of other
users. But they are very often used anyhow, for the
very good reason that the costs of collecting geo-
graphical information can be staggering. There is
a growing conviction -- among scientists. accountants,
planners, etc., -- that sophistication in the tech-
niques of sampling have outmoded such data "manipu-
lation".

(b) The data collector who does not have

a "product" in mind is in trouble: he will neces~-

sarily concentrate on the means without knowing his

end. One result has been, in the moder.. era, a pro-

fusion of sensor-collected data which do not fit

anyone's specific requirements.

Why the systems approach? There are many distinct tech-
niques referred to as systems analysis, some of which arc
extremely formal. In this study, the terms "inputs* and
"outputs" have been used to define the boundaries of a dis-
crete information system -- specifically coastal information
packaged to meet Navy requircmonts, Systems logic suggesté
that if requirements can be specified it is then possible to
define the necessary data packages: in other werds, if one
knows what questions are being asked, one can define the form

the answers ought to take. Knowing the form the answers must
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take, one can identify the processes of producing those
answers (the transformation proceses), and this in turn begins
to identify the form of information inputs to the system. Put
another way, one then has some very definite notions about
what must be done to attain those goals and objectives. This
technique of working backwards (“Givg ne the answer, and I'll
tell you the question") has proved to bz an extremely useful
way of thinking about complex processes. It is this general
technique and logic that has been applied.

However, the application of this technique is perhaps rot
as neat and tidy as one might expect, and.the reason it is not
is relevant to an understanding of what is being attempted.
Specifically, what is being donc here is strictly spcaking
neither research, which might in this context be defined as
developing the concepts basic to such an information system,
nor development, which might be defined as putting a system in
operation by some spccified date. Rather, it is agplied re-
search, which might be defined as attempting to develcp the
format of a system which not only works but whose implemen-
tation is feasible.

Our approach has thereZfore been 2 mix of theory and prag-
matism ~- an opportunistic cffort tc fit our systems analysis
procedures to the state of the art of paval ecology. We
attempted to specify the kinds of data nceded as outputs}of

the system, but we found that potential users »>f such o system
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had not themselves thought much beyond current weather and sea
surface forecasts, if in fact they had thought that far. We
then attempted to look back into the system itself to learn

if we couid why the effect of environment on naval operations
had been so little systematized. Within the system -~ in the
so~zalled transforma:ion prccess -- we found bits and pieces
of a formal process, but large parts cf the structure were

missing. We found:

that a great many geographical information systems
and subsystems are already in existence =-- within
Navy, within the Federal government, and outside
government. It is probably true, although this has
not been investigated, that the greatest effort and
the greatest complexity and confusion charactericze
the area of inputs, i.e., datz collecticn., It scems
apparent that the greatest need is in the area of
outputs, and here the effort appears %o bc least.
1f these gencralizations are reasconabdbly truve, then
the most immediate petential source of improvewent
lies in the transformation process.

Althouch transformation and oulputs are entirely
within Navy Jjurisdiction and control, the institn=-
tionalization of wvariocus procasses which in one form
or another invclve ccilection, prucesaing, use, and
distribution of coastal data has made it necossary
for Navy to accept Jata from outside ihe svystem.
These como as directives or as a rasult of shopping
around for information within the Navy, within the
Department of Defense, within the ron-military agen-
cies of the Federal government, and outside govera=-
ment entively in some inctances.

» The information gathered from these varied
" sources may be in the form of relatively "raw” geo-
graphic data, or it may already have buen prozsessced.
in a variecty of wavs: ¢.a., synthesizad and summe -
rized geocraphical data (mecan menthly tomperatuves,
soi' maps): prirciiles defining ralationshaps
{~ rainfall on y soil! = mud type z): goographical
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data combined with other forms of data (clothing
allowances for a particular climate); such synthe-
sized data translated into operational statements
(map showing landing beaches): or w n eventually
into "yes" or "no" answers to operational questions.

This information is not defined as part of
what has beeh described as the inputs structure.
Instead, it is part of the transformation process
and rarely in "final" form for use in making command
and support decisions. It is not, in other words,
the kind of information that would be in an output
structure if there were one. It is the kind of
partially processed information presertly provided
to answer the kinds of questions that are being
asked, supporting the decisions that are being made.

The transfer of this information to an output
structure cannot be described, except in an extremely
fragmented fashion, because there is nc formal out-
put structure. There can, of course, bz no formal
source structure if there is no output structure.

To analyze the data flows and the processes by which
they are generated, it will be necessary to impose
some kind of pragmatic, conceptual, organizational
framework upon transformation processes and output
structure.

The purposc in doing this is to be able to make
some generalizations about the transformation pro-
cessey presently at work and to what extent they
appear to be eguivalent to reguirements. It is a
reasonable assumption that the points at which the
"real" svstem and the "ideal” system do net match
are points about which some management decisions
can usefullv be made.

In other words, our approach was pragmatically concep-
tual. We knew that it was worse than useless, even if possible,
to tell potential users what.data outputs they néeded. We
therclfore decided to erect as much of an idea; (theoretical)
system as we could and compare it with as much of the real
system as we could identify. Our emphasis was still on outputs,

but we iooked back into the system as much as we felt was
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necessary to rationalize the "real" and the "ideal" output
structures. As a result, we feel we know about how far one
can go in creating a partial coastal information system which
will be acceptable to and understood by Navy users and which,
hopefully, will demonstrate that a total system is needed and
will eventually be develcped.

We have not considered inputs, except tangentially, both '1
because: (1) we are in no position to specify inputs until
specific transformations to produce specific outputs can be
described, and (2) environmental dat. collection and storage
is big business; the problem within Navy will be to satisfy
all users, but the problem outside Navy belongs to someone
else: Navy can request selected data collected by other
agencies without attempting to modify the collection programs
of those agencies.

We think the approach has been effective. A review of

the first report in Computing Reviews, June 1969, said that

the problem attacked "may be regarded as the analysis of an

extremely complex management information retrieval system, , .
perhaps the most complex tackled thus far." Despite this,

we feel we have in two ysars of what can really be described

as "exploratory" effort come a long way toward: (1) specifving

the design requirements of a coastal information system; and
(2) pointing out the changes in present partial systems which

must precede eventual development of a total, responsive
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system. Just how far we have come is of course the subject
of this report, summarized in our attempt to answer the next
guestion.

Have we made any concrete progress? We hope and believe

we have. But since this is applied research, we have attempted
to follow what appeared to be optimum paths'rather than stick
to a precise study formula. This business of following our
noses has probably saved time and money in the long run, but
we have also been up some blind alleys. We hope to be excused
for emphasizing our findings instead of our mistakes and in
organizing this report according to fundamental concepts in-
stead of as a history of what we have done. However, an
historical record of our progress may be useful, and it is
sketched out here to provide a background for this report.
Proposals. We have submitted four proposals over
the last two years. The first was to study reguirements ==
the needed outputs of such a system. The second was a small
investigation of the sensor problem -- in effect, the prob-
lem of automating inputs to such an extent that the human
beings who still constitute the vital connecting links in the
whéle information hardware system can't maintain the pace.
The third was a pragmatic approach to the transformation prob-
lem ~-- an attempt to find out what was happening, and what
should happen, at theoretical interfaces in the system if

postulated outputs were to be achieved. The fourth was an
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attempt to determine the actual coastal information outputs
that would exist in the research function area, basically by
extending the concept of three dimensional matrices that was
used to visualize the output structure.

Evaluation. Of these proposals, that with the
least direct application was thé second -~ to study the sensor
problem. However, it did lead us to an evaluation of auto-
mation as an adjunct of information systems in general, and
we came to a conclusion that may not generally be appreciated:
that automation is neither the problem nor the solution to
the problem of designing most information systems. BAutomation
has been applied, without much change in extant systems, to
data collecticn, storage and retriceval. It is possible,
although we do not plan to investigate this, that automation
has in these processes contributed as much to confusion as
to efficiency.

Of these proposals, that which was based on wrong assump-
tions was the fourthi-~«to_determine actual data outputs at
Levels 2 and 3 of the'féséafch function. We thought research
would be the most familiar (to us) function,-and therefore
the easiest to analyze. Actually, it turned out to be the
most complex function of all, the implications of which in
Navy we had not understood (a problem of instit'-tionalization

of a function), and very complex. What we should have '
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suggested analyzing (and what we did investigate) was the
development function.

The other two proposals were much to the point, and we
have in fact achieved more than we thought we might at this
point.

Achievements (lst vear). Our achievements for the

first year are best summarized in the final report:

The basic objective of the project as it devel-
oped was to sketch the overall coastal information
system as it looks at the moment, identify the prob-
lems, constraints, and prospects which face the sys-
tem, and within this framework make a more precise
statement of Navy requirements in the format of an
output structure. (p.2)

We had discovered that: (1) there was only sporadic
recognitidn of the influence of coastal environment on naval
operations, largely experience-based, and chiefly of the most
obvious, cyclic elements -- weather, tide, sea state, etc.:
(2) that such data as were provided in an organized form
(Fleet weather service, intelligence estimates, etc.) were =-
in terms of our limited sample -~ largely in "raw" form --
i.e., not translated for the user; (3) that there was no basic
philosophy about environment, as there was about "logistics"
or "intelligence".

In this situation it was next to impossible to get con-
crete -- and comparable -- answers about required outputs of

such a system. So we organized data from interviews with

representatives of about 40 Navy offices and developed a
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theoretical structure of outputs, which in effect achieved

three purposes: (l) it provided a systematic and realistic

way of reducing the infinite data potential in the term
"coastal"; (2) it suggested that different levels of users
require different kinds of data (which will of course ulti-
mately determine the mechanics of the system); and (3) it
suggested the kinds of relationships that needed to be under-
stood if outputs at each level were to be relevant.

When we asked ourselves why the need for such kinds of

data was not recognized, we had to look back into the data

flows and uses within Navy for the answer. The only way to
do this effectively, we felt, was to postulate what ought
to exist to support such an output structure and then detexr-
mine whether or not it did in fact exist. Therefore, we

assumed that four basic naval functions had to be supported

in some fashion by coastal data, which had to be collected
and flow through Navy somehow to get to the proper desti-
nations. The question we asked ourselves was this: "Given
these basic naval functions (strategic planning, operations,

weapons system development, and research) and given movements
be the general structure of coastal information outputs de-

signed to support the functions, and what would be the

i
]
r
|
{ of coastal information into and through the system, what wculd
|
k pattern of information flows designed to support the outputs?"
|

We looked at the Navy realistically as a system, but without
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putting institutional labels on the system components. Our

approach was, or was intended to be, pragmatically conceptual.
It led us to two major conclusions.

Our first conclusion was that cbastal information was
indeed required, and to a lesser or greater extént used, at
both the command and support levels of decision-making for the
four basic naval functions =-- strategic planning, operations,
weapons systems design and development, and research. Both
logic and experience indicate the importance of terrain,
humidity, sea state, and the like; and bits and pieces of
formal data systems, some of them very large, do exist. There
is a lack of overall coordination; *there are many system
lacunae; some aspects of a system are grossly overdeveloped
and some do not even exist. Nonetheless, it is possible to
think very concretely about a total output structure for a
potential system.

Our second conclusion was that coastal data did flow
into and through the system and were being transformed into
useful outputs. We postulated that the transformation
processes were defined by such terms as selecting, filtering,
monitoring, translating, factoring, relating, summarizing:
that they represented key rclationships within the system
and with other systems; and that these felationships could
be "located" at three interfaces. What we meant was that

at three "locations" in the system the characteristics of
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competing, or at least different, functions had to be re-
solved in Navy's favor. One of these was the point at which:
coastal data entered the Navy system from outside sources,
and here all relationships other than the environment/military
operation relationship were filtered out. Another was the
point at which areas of the world unlikely to have any signif-
icance to Navy in the foreseeable future were screened out.
A third was the internal Navy bias which translates most
naval requirements in terms of weépons systems.

As we have defined them, the interfaces are conceptual.
But they should exist in a functional sense if not in an
institutional sensa: that is to say, someone, .somewhere in
Navy, should be involved with these interface functions,
because coastal information does in fact move into and through
the systemn.

In terms of these concepts we drew up the Coastal Data
Flow Information System (Figure 8). On the basis of this
we suggested in our first report that the second year's
effort be an examination of the rcal system as comparzd with
our conceptual system:

The purpose in doing this is to be able to

make some generalizations about the transformation

processes presently at work and to what extent they

appear to be equivalent to requirements. It is a

reasonable assumption that the points at which the

"real" system and the "ideal" systcm do not match

are points about which some management decisions can
be made. (p.59)
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2nd vear. Our second year's work focused on an
attempt to reproduce "real" and "ideal" -- or bhetter
"theoretical" -- systems as a basis for such a comparison.
These systems were developed on the informational basis of
interviews with well over a hundred people in some 50 naval
offices and installations (Appendix I); examination of many
reports on environmental investigations, chiefly by naval
laboratories, plus an investigation of report titles from
relevant military organizations in the Technical Abstracts
Bulletin; analysis of weapons systems requirements documents
for both Navy and Marine Corps; examination of a number of
operator‘s manuals, handbooks, training guides, etc.; and
analysis of reports of environmental data collection and
distribution systems within Navy, to the extent that the
latter were unclassified and readily available.

Our representation of the "real" system is shown in the
diagram The Role of Coastal Information in Weapons System
Development (Figure 9). The heart of the system is the
feedback of requirements for new or modified wecapons systems,
which ties research and development functions into the system,
brt the purveyors of environméntal data are also shown in

their relationships to all naval funétions‘-- which are here
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institutionally labeled. A comparison of this system
(Figure 9) with the system postulated in our first report
(Figure 8) ' ‘dicated the following:

(1) There is a greater emphasis on weapons systems as
the common denominator of Navy coastal data requirements
" than we had previously thought, although we did recognize
the existence of a weapons systems interface. Essentially
command decisions are based on three kinds of information:
(a) "intelligence" -=- information about the enemy -- forces
and location, targets, resources, means of production and
transport, etc., deployment, and much of this could be
termed geographical or coastal; (b) "logistics" =-- infor-
mation about his own weapons systems, their magnitude and
striking power; and (c¢) “operating environment" -- infor-
mation about the best location and time options that can be
chosen for weapons systems use, and all of this can be
termed coastal, if the coastal zone is the operating environ-
ment., |

The present situation is that environmental data must
compete with intelligence and logistical data in naval manage-
ment information systems, and the following statements con-
stitute our present evaluation of the "status", and therefore
the competitiveness, of environmental data: (a) many environ-
ment-weapons systems relationships are perceived intuitively

but have never been specified in a design-cffective manner;
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(b) perception of importance of environmental impact varies
widely, a factor of job, experience, and training; {c) study
of given relationships tends to be a product £ a locally
perceived requirement, and the publications of separate
study agencies never get into the mainstream of the system
or centralized in a body of knowledge; (d) as a result,
knowledge of specified relationships is widely scattered:
frequently important findings are not published; (e) chiefly
the go-no go impi.cts are considered, while those which re-
duce output effectiveness or jincrease input requirements

are ignored as being manageable by the weiapons system;

(£) the sensitivity of weapons systems to environment variés
a great deal, and the first attempts to implement a data
systemn should be in conjunction with the most sensitive
weapons systems.

So in no real scnse does the weapons systems "interface"
exist. If it did, there would be an information flow corre-
lating the four functions in terms of impact of environment
on weapons systems -- i.e., in terms of the kinds ot enviroﬁ-
ment-weapons systems data cach function reguires for its own
purposes.

(2) The relationships interface, which we postulated
as being outside Navy, exists nowhere.

(3) The priority interface probably exists in some

fashion. We did not attempt to determine to what extent it




did, because: (a) the information would undoubtedly have
been highly classified, and (b) there is no poiu. in fac-
toring the dczta in this real-region-and-operation fashion
until some semblance of a coastal infermation transformation
process is set up.

Another conclusion was that our conceptual system was
very fuzzy -- a mixture of functions and institutions, and
we attempted to develop a new theoretical system that wouild
meet the objections of the present real system. As a basis
for doing this we attempted to synthesize what wo had
learned, and in good Navy fashion reduced this to four
basic "lessons":

(1) Although our study did not have this objective,
we felt we had incidentally discovered a good deal of evi-
dence supporting the assumption that environmental impact
was a significant factor in the effectiveness of naval
opecations.

(2) Everything pointcd clearly to the impo. -unce of
the critical environment-weapons systems relationship,
which we chose to refer to thercafter as naval ccology ==
the science of the interactions betwecen environment and
men~and-machines In discrete naval activities.

(3) Since the functions wo had postulated rcflected

Navy thinking and usage, it becamc nccessary to find out
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just what "research" and "development" meant in Navy,
because this became an important aspect of marshalling
procedures in an inform-tion system designed to be re-
sponsive to naval needs.

(4) TFinally, we discovered that an information sys=-
tem is an extremely sensitive and at the same time power-
ful process: there is more to it than putting data into
and out of a system. To be introduced successfully, it
must reflect current thinking, with an open-endedness
that encouragce. chance. If it is introdvzed success-
fully, it becomes a powerful agent for organization and
change. |

Investigation of these "lessons", which constitute
the chapters of this report, led us to design a model
of "naval ecology" (Figure 7) and a new theoretical
model of a coastal information system (Figure 10). 1In
effect, these models constitute our major findings:

(1) That it is possible to begin to build from
present knowledge of the effect of environment on single
components of equipment, or materiel, or people -- stated
in such terms as trafficability, rusting, fatigue ~- an
aggregated and extrapolatable body of information con-
cerning the effect of environment in a specific region

of the world on a given operation; and
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(2) That it is possible now to introduce a partial
prototype coastal information system which will produce
comnand level outputs to all four functions for an amphib-

ious operation.

Our recommendations for following work are that pre-

cisely these efforts be undertaken.
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